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DESIGN OF TRAINING AIDS AND DEVICES

Arthur Ar Lumsdaine

-c. Charles aroy and Dr. Robert Gagne-provided pymy
hcltful suggetions in their reviews of a draft of this chapter.
Their assistance is rratefully ac:mowledged.

Some Basic Considerations in Training-Device Design

ht Is "Training

Then we say a man is 'in training"--say, fcr an athletic contest or
fcr military service in the infantry--we are likely to have in mind either

t7:c different things. One is the process of physical hardening or
toughening that builds strength and endurance. The other is the acauisition
and perfection of thysical and mental skills acquired through practice,
coaching and study. Scmetimes the two ore built through the same events--
for example, practice in pitching a baseball may serve both to strengthen
and to perfect the skilled motor coordination needed to get the ball over
the plate.

However, it is important to distinguish the two meanings of "training."
6therwise it is easy to make faulty assumptions about what is reauired of a
training procedure cr a tiece of training equipment. In this bock we are
primarily concerned with training in the latter sense--developing required
hlan capabilities through the leorninF, of skills and knowledges that are
needed for performing technical duties in military or industrial jobs. We
will assume that the capabilities reouired have been identified through
procedures ouch as those described in Chatters 2, 3 and 9.

To develop these capabilities, we need to arrange efficient conditions
of learning. FoT these, mere exercise or practice is not necessarily
encurh. Conditions of practice are needed that will lead the trainee to
cractice doinf7 the right thing at the right time, to enable him to correct

s error:, to learn necessary discriminations. Almost any form of physical
exercise maY help serve the ends of "training" in the toughening sense. But
only well-designed learning situations will train effectively in the sense
of teaching. Yithout these, the practice or exercise may serve no purpose.
It rr.ay waste instructional time on irrelevant activities. Worse, it may
result in mistraining--teaching a man habits or information that will hinder

perf=ance rather than help it.
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cf Training F.:vice..:

Ly a "training device" we moan any arrangement of equipment,
ccmpcnents, apParatus or materials that provides conditions to help a
trainee to learn a task more efficiently than he could otherwise do. By

"task" we mean something he needs to be able to do in order to fill a
.-edified job in a military cr industrial organit:ation or similar insti-
tutione.g., the many diverse tasks required in piloting a 2-58 bomber,
troubleshootini7 a fire-control system, overhauling a truck motor, opera-
ting a statin in a communication network, or programming a digital
co::Iputer.

Trainin7 devices include various forms of two-dimensional displays of verbal,
sym-celic or pictorial nature, includin: motion pictures and other forms of
projected materials such as slides and transparencies, as well as wall charts
and the like. They also include various configurations o2 real or simulated
three-dimensional components arranged either as a student-operated trainer or
as a classroom display.

Within the general field o training devices, we sometimes make a
Idstinction between training aids and training equipment. Actually this
discrimination is a quite fuzzy one, partly because there is more than
one basis for distinction, so that different persons and different organi-
z.ations don't always agree on the usage of the terms. For this reason, we
aill not attempt to make a rigid, air--Light classification.

In g'eneral, though, we can say that training aids are usually devices
that are used by an instructor, often in a classroom, to help him present a
subject matter. They may be either two-dimensional aids 7171-jh as charts or
slid,:s), or may include equipment mock-ups or components. The term training
aids is also sometimes used to refer to de7ices used to present training
materialsfor example, projectors or tape recorders.

The term training equipment is sometimes used also to refer to pro-
jectors or similar devices, but more often it implies a specialized kind of
-_:quiEment which provides for some form of active practice by a trainee.
However, since such distinctions are not hard and fast, we will most often
use the general term "devices" except when the more restrictive terms "aids"
cr "ecluiEment" seem clearly more appropriate.

A simulator is a mere or less separate class of training eauiEment
which, as the name implies, attempts to reproduce or simulate an operational
situation. Extent of simulation is of course a matter of degree, and any
device which provides for direct practice of imporlant job tasks is in a
sense a simulator. However, the term is most often applied to highly com-
plex training devices such as flight simulators that attempt to reproduce
fully all of the operational characteristics of an aircraft, including the
way it responds to the pilot's control actions.
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In general, ,uch flight simulaters and other very complex tetal-system
: iulaLcrs will nct be treated explicitly in the present chapter. This
exclusion applio to siulatorc for complex team operations, ,and A_so tu
. imulators which provide total .7,imulatior of the environmental situation
faced by the pilot of advanced flight systems such as a B-58 1:.cmber. How-
ever, the scope of the chapter does include training equipment in the form
of "rart-ta:k" trainer.,; for eff7E7E-Tve teaching of ccmrrAlonl. skith and
rrcedures on which more ccmplex operations must be built.

.2,cme of the basic principles dealt with here in the case of simpler
dyvice..: are, of course, also applicable to the design of complex-system
simIlators. Their successful application in a complex simulator, however,
generally demands the skills of a human factors engineering staff with
advanced experience. The present chapter is intended, on the other hand,
Primarily for the less experienced training-eauipment designer who is con-
cerned with trainirg men to perform tasks required in (1) operating and
maintaining somewhat less complex systems or (2) performing specific tech-
nical duties en comronents or particular aspects of complex-system operation
nd maintenance.

Why Do de Heed Training Devices?

This simple-sounding auestion is really not such a simple cne because
it really includes several related questions. The answers to these cues-
ticns help point up some of the needed characteristics for good training
devices.

Use of Operational Equipment: If we are training an equipment
operator, w'r7y not train him with the real equipment? There are several
answers to this. Cne is: Sometimes we should, and do. This is particu-
larly likely if the equipment and the tasks it requires are fairly simple
ones--say, cleaning a rifle or perhaps adjusting a carburetor. It is
unlikely that we would want to construct a special substitute for the rifle
which would be better than working with the real thing for training. Even
here, though, some charts or even a demonstration film may be very useful as
training aids to guide the student through the proper steps of assembly or
disassembly of the weapon. And we may want to use an old or inexpensive
rifle until skills and precautions are learned so the trainee will not
ignorantly damage a fine piece.

But more often the problem is not so simple. The real equipment may
be scarce, or even ::.rmexistent. This is the case, for example, when one is
conducting training in advance for maintenance of a weapons system that is
still under development. Even if available, the real equipment may be very
expensive, and for many aspects of training a simpler, cheaper substitute may
serve as well. FurtherMore, practicing on the real equipment before necessary
basic skills and knowledges are mastered may be hazardous to personnel as well
as damaging to the equipment.

4
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Feedhac',:- Lu Trainir.r: tu:: utviuusly, whch uYne
the ai:ove reason.: apply, the real equilmeut. may nut provide efle: cun-

Ccr traininj: CAle crucHl neeJ for ofi'icient tearnLn is a way tu
,--uido the student to If.erform correctly so hc dues not make ern rs--cc, LS: he

ti_em, to inform him immediately and chow how to ccrrect tiiem. jith
many hin.ls of (2cuirent or systctl, th;s 1:ind of immediat feedbachti thu itudent or operatcr Ls lacking: The consequence:; of an error may not

.Apparent until much too late. Iho apparatus features that are needed tu
Lcevent, report and correct errors efficiently to the novice may be undesir-
able ur unfeasible in the operational equirment--fr ruascns of :pace, wLicht.

er cost.

Providing these features in the tra.ining :ituation may involve a training
device in which accosscry apparatus is added to the operational equipment.
:ILternatively, it :::ay be better to construct a special device especially
for purposes of training. This can have the features needed for effective
learning, but does not necessarily require all the components or features
of the operational equipment. Thus, the training device may be more costly
than the latter, or :Lcy be much less costly.

Cencentratini; on the Crucial Job Operations: :'11-lother important

characteristic of an efficient learning situation is that the trainee is
given ample opportunity to practice all the various operations he may have
to -Perform on the job. Often this is not feasible in the operational
situation.

Consider the case of troubleshooting, cr diagnosis of malfunctions.
FoT ccmple:: equipment systems this is one of the most important and often
cost difficult tasks that faces us in training a maintenance technician.
.iAlt a well-designed piece of operational equipment may malfunction only
rarely. Certain tyres of malfunctions may occur very infrequently indeed.
Consequently, in order to provide adequate practice in identifying or diag-
nosing these malfunctions in operational equipment, the malfunctions would
have to 'se inserted artificially.

This may be unfeasible for a variety of reasons. It may be too
exrensilde, too dangerous, too costly, or too time consuming. Therefore, to
_:et efficient conditions for training, we need to provide a training device
that rermits all normally encountered malfunction symptoms to be inserted
rea(lily and observed in a way that provides for efficient practice in diag-
nosing and correcting them. Further, we want a device that requires the
trainee to perform the rrorer checking secuences to identify the malfunc-
tioning element in the system. However, we want to do this as efficiently
as possible and not waste the trainee's time on parts of the operation that
are not essential to what he has to learn.

Fcr example, many checking and adjustment procedures require access to
internal ports that are difficult and time consuming to get at. It may be
necess',:ry to disassemble a cemplex assembly, or remove a cover plate with
20 screws, in order to get at the part to he worked. with. Cn thlt job this

0^0
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eny e pareL;: (hewever, see Chapter o on design of equipment fer
c.J2.e Jf maintenance). "Alt in a traininr situation an important principle is
that of the student's time should be devoted to learninr the thinKs
that .!re difficult to learn. Readily learned (or already learned) routine
a.:,ects of a ta:k :hould tnerefere be dispensed with. The student should

waste lore amount of instruction time unscrewi_,:, belts cr making
.ather unneeez:ary rreraraticns fer c;etting at the elements of equipment on

1)ractice is me::t needed.

this condition can be met 12y adapting operational equipment--
,,tarting with it., already Partly disassembled, holding on a cover plate with
st two screws, and so forth. Often, however, efficient utilization of a

tiee re:!uires special couipment designed expressly co that most
Jf thia tme can he devoted to the kinds of practice that he needs most to
[et.

amewhat similar considerations apply in training the operator of
csmolex eoui=ent systems. Certain emergency Procedures are required for
situations which z.ust be met when and if they do arise, but which arise
z.eldom and which it would 1;e very dangerous or impossibly expensive to pro-
duce deliberately to serve the purposes of training. Scme more feasible way
must 1:e had to simulate the essential elements of such situations so that
the trainee can learn to deal with them effectively. Often the only practi-
cA_ way to do this is to design a training device that will accomplish this

ijahinr Operatiens Visible for Study: Among the classes of things
needing to be learned as prereouisites to training in actual operations,
there are often certain terms, concepts or principles that apply to the
:..)1:eration of a system. Often actual enuipment does not reveal these
clearly. For example, relationships between internal moving pars of a
:echanism, or feedback in an electronic system, cannot be directly observed
in the cPerating eauiment. If they are to be seen at all, a spe;:ial device
is then necessary so that they can be observed and studied by the student.

Cheaper Devices liay Be as Coedor Better: Learning to identify
ccmpenents and their interconnections generally does not require operational
eralipment; photographs or drawings often will obviously show substantially
LIe same visual display, and are vastly cheaper.

The factor cf cost has both direct and indirect effects. Not only may
7_ise of adeouate surrogates reduce total cost of training; the fact that many
copies of a low-cost substitute (picture or inexpensive mock-up) can be
procured means that each student can have one, on which he can study or
rractice on identifications and procedural seouences for as much time as
needed for him to master what he should learn.

With expensive eouipment, time per student is limited; the student then
dos nct get enough work to master the task. The importance of this

6
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cnciJertii h hani to nverestimate. It applies not only in deciding
whether to IL:c opern.ticnnl equiiment or a trnining device, lut nlso in
deciding whether to luy a fey expensive training devices with a limited
time quotn for each student, or to Illy cheaper devices on a one-rer-student
1;sis.

The foregsing discussion of why we may need training devices has served
-!1so to introduce several important notions and principles that affect their
effective design, selection and use. These and other principles developed
below can pnpvide important guides for making better decisions about thc
crctcr:L.ticsu training device should have to do its job most effectively.

Da:ic i.oyide e(-ied in Desiuning, Traininf; Devices

:jince training devices should exist only to aid learning, knowledge of
psychological factors affecting efficient learning is essential. This
princirle may seem obvious enough, though in current practice it is often
not complie with. What is perhaps not so obvious is that, as a consequence,
the designer of a training device needs to know something about the factors
that mal:e for efficient learning before he can even start to make an intel-
ligent analysis of the functional reauirements for a training device. He
need not be an expert in the psychology of human learning, but he must
understa 1 a few fundamental notions concerning the stimulus and response
conditions that govern the efficient acquisition, retention and transfer of
!:nowledges and skills (See also Chapter 10). To present even the rudiments
of these notions would require more space than is available in the present
chapter. The reader who has not had at least the equivalent of a fairly
recent course covering the psychology of human learning and its practical
appl:.cations to training should therefore consult a good reference to pro-
vide this background. In many ways the best concise reference that is pub-
lished at present is une chapter by Gagne'and Bolles (1959). Scme other
helpful references are the reports by Glaser and Glanzer (1958) and by
hilier (1953b),and the recent text by Gagne'and Fleishman (1959).

._-,ummary

The main principles and concepts thus far discussed can be summarized

in terms of the following guidelines, which for brevity are stated in

somewhat oversimplified term7:

1. Training devices should be designed to provide efficient

conditions of learning--such as guided practice, prompt

correction of errors, basis for necessary discriminations.

7
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Training devices should be deslxned so that most of the

:7tudent's tire is- srent rracticing the things that 2re

difficult to learn. Their design should be based on appli-

c'Jtion sf psychcleical principles governing effective

learning.

Identifying the Requirements for Training
The First ';.uestions to ZT,swer

Uhen we start to design any procedure or device that is to be used to
train people we mu:..t first deal with three auestions. Guidance in answering
these c!uectir,ns. is contained in the earlier chapters indicated. The ques-
tions :re:

1. ":jhat is the final human performance that we want to attain?
(:ee ChapterL: 2 and 9.)

,. What are the specific things that need to be learned to make
this criterion performance possible? (See Chapter 3, concerning
kinds of skills and knowledges, and Chapter 7, concerning
influence of jcb aids on what needs to be learned.)
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MIL) is tu Learn th,m1--what aye Iii. oh iii Lien tad motivaticns,
what, narts of the total reouired skills and knowledges dce
he already have? (See Chapter 10, concerning the influence
or selection standards on the requirements for training.)

(nly when we have good answers te these basic questions are we in a
1,)sitien to determine in a rational fashion the training characteristics
tl!ai a training devicc. Hlould he do:.;incd to Lurnish.

Training Ojectives

It is important to distinguish among different classes of things that
trainoes may need to learn because some of the requirements for effective
training devices differ for different classes of training needs. Many
classifications of instructional objectives have been offered. Scmc of
them, such as that of Blom (1.95/4)1 are very comprehensive and detailed.
For tTesent purposes we shall use a modification of the quite simple
classification given in the above-cited report by Gagne'and Bolles (1959).
(This classification differs slightly frcm the classification of tasks
r:iven in other chapters in discussing job design and proficiency measure-
ment. Nevertheless, referring to some of the examples in Chapters 2, 3, 9,
10 and 13 will help in getting a better idea of some of the specific kinds
of tasks that may be encountered.) We shall deal here with five main kinds
of training objectives, or things-to-be-learned. These will be distinguished
in this chapter in relation to the requirements they pose for effective
training devices. The five classes are as follows:

1. Identifying. This means Pointing to or locating objects and
locations, nmning them, or identifying what-goes-with what--
either physically or in words or symbols. As will be seen,
the latter includes much of what we mean by "facts."

Knowing Principles and Relationships. This usually means
understanding a statement of relationship--as shown by being
able tc state, illustrate and recognize its implications:.
Often this is a statement that tells how a cause produces an
effect, or how a result can be predicted from several compon-
ent factors. It may involve knowing arbitrary rules of contingent
procedure: If such and such is observed, do thus and so.

Following Procedures. This means knowing how to carry out a
set of operations that must be carried out in a rather fixed
secuence--such as a rreflight check, starting a car, or
making a well-defined type of calculation.

4 Iaking Decisions or Choosing Courses of Action. This usually
involves the application of conceptual rules or principles
as a basis for making the kinds of decisions that are involved
in diarmosing or interpreting complex situations. However,

9
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Trainin Device: (cnsiderLd in Eelation to Trainin;7 Objective

Use of Illustrative Devicei: In the following sections a number or
-1:ajning devices are illustrated and described. The puxposes of descrihinG
uhese devices is to illustrate useful principles of device deign. This is
.c..11(2 by identifying functional charJcteristics, indicating principles of
design, er describing; Ceatures of constructLon which lJplement these prin-
ciples. a..me of the devices are rarticullrly dbsigned for attaining one ,e
he five classes of training objectives distinguished above. Others are

designed less specif:cally and may be used for several of these training
rasals. The latter are scmetimes =TO adapttble, but often are less well-
suited for pinpointing the requirments needed to attain any one porticula:-
1:ind of objective.

..J

"Part-:ask Trainer::": Cne of the problems which occurs freuently in
the design of training devices ic the question of "wi!ole task" versus "part
tasi:" training. rine general issue is whether it is necessary to have a
piece of training eauipment that Provides for practice of all elements of a

or whether certain aspects can te selected and practiced independently
one at a time. Yhen the latter is pnronriate, lo7!ered cost and increased
efficiency in training can often be achieved. Often the operational eouipment,
or a trining device that ::ffords si...lulation of the entire task, may be
required during terminal stages of training. But much time in the use of such
devices can lie saved, and the number of devices reouired conseauently reduced,
if those elements of the task that do not reouire the total equipment are
first 1:.astered on simpler esuirr:ent.

Come of the nrereauicite knowleciges and skills needed for identification
'21-1-1 following of procodures can nearly always be separated out from the total
re(:uirements of a rositicn, and learned mere effectively and more economi-
cally with "part-task" training devices. Furthermore, in training procedural

10
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jyvH,_., ',..H,.ned to teach une-te-cny corre:Tendences can also be used
I:ncwl, relaticnshis, since "Ilnowinc," a relatiennhip, at Toast,

1. vyl, ',)eccral.:7, identical with 1.dentifying the terms
tho rolationship.

jtt'l ' :Lce'.1'st ontering into the rationalr ccciii

part tasl: trailwrs is given by Miller (1c)5(e).
yrtinent considerations r,pplyinr to part task trainers

-s other y,fc',.,1,:ms in the desimn of simulators and related dyvices

frc:m the standpoint. of U1,2 research issues they

Cla:.::,-Group Instruction

For trainini: in skUls and,"to ccmc e.x.tent, for instruction in
making and 1'ollcw1n[7 of' procedures, individual supervised practice

in often recccni:ed as very important. This is less well-recognized in the
case of teachinE7 identifications and Principles, where the group lecture
::ethc-I is ver,,,' emenly employed.

11;.wever, teachinE: of identifications and principles can also generally
done :neT(:: effectively through individual training, though this is scmetimes

t::ouL.ht to be impractically expensive. '..lhen feasible, individual training
may 'cc ;I:eatl:; superior to group instruction because of the fact that different
::tudents lcarn at very different rates. Holding all students to the same
rate, as must bc done in a class group, is thus wasteful and inefficient, even
th.ouc:h it is a very cc_m:-:.on practice. With most class-group instruction,
oither the sloce- students do not cover the material or what they fail to get
in clas must Le r:ade ty individual study. r_ry latter is in itself often
vel.y inefficient, desite attempts to inculcate ,,fficient study habits.

FlArthermore, [-roup instruction fails to provide oprortunity for a
:::f:ficient amount of active, guided student practice or recitation. This
in one of the most important factors in effective learning, because it pro-
::id.es the onp-..rtunity for detecting errors, misconceptions, or inadenuate
::,:tery of each portion of a subject, and for correcting these deficiencies
.:efore tlie student Foe: on to new material.
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uive:.ient;:: for training rrocodures and devices ::hould be

crientcj explicitly 'Is posible in Lerm of :Tecifie types

human performnces to lie tttaincd. In general, these fall

inlo five 'brood. classes: identifying, Inlowing principles and

relationships, following procedures, choosing courses of action,

and performing motor skills.

The designer of training devices should be alert to the pos-

sibility of reducing training-device complexity 3nd cost by

use of part-task trainers to teach rxerequisite knowlcdges and

However, it is often possible to achieve more than one

1:ind of training objectf.ve concurrently in a well-designed device

if trainingiobjectives have been clearly analysed.

4. lather than placing reliance on aids to class-lecture forms of

instruction, effort should be made whenever possible to provide

devices that permit individual learning, paced to the needs of

each student and providing a I.:lax:Dina of active,, guided student

response and prempt correction of errors. Self-instructional

devices described in the next chapter can increase the feasi-

bility of doing this.
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Types of Training Devices Particularly Suitable

for Various Classes of Training Objectives

Teuehin Students t o Identify Things

7asic i.-:eulrymenbs: The rrevalence and imrortance of the 1:inds of
learning rhich devices in this category are deriLned to mcet has been well

crie:. by GLrzne'nrd L!olles (l.5')), as follows:

'The learning of identificaticns is one cf the most ccurnon
thins a human being does, frcm enrly childhood throughout his
adult life. 1though this type of learning is common to nearly
all jObs, imrcrtance can easily be overlockod. For example
. . . ni jobs re:Iluire the identification of hundredL; of faces,
rlaces, tools, CT materials, and in such instances the reriod of
learning, or trainin, becomes nn essential requirement.

-In the military service:, with their frequently changing
jobs or parts of jobs occasioned by the introduction of ne
weareno, the learning of new sets of identifications is a
ubinuitul: bhoinomenon. The pilot who learns to operate a new
aircraft must first learn to identify the controls and instru-
mento ef the new cc:epit. The observer has tc learn to identify
targets frcm radar returns. The electronic technician who is
being trined to maintain a now guidance system must first master
the identification of its parts and their locations, as r-ll us
their symbols cn schematic diarrams. The supply man who is most
highly skilled is the one who can identify perhaps thousands of
components and -carts, and their bin locations, ithout going
throufrh the laborious process of tracing them down by nemen-
clature through a :-,uccessicn of tbnien1 crC:crs."

tn17it, D-7i,crs trot,p ft-cture method for teachirg
identifications (or, at lest, for presenting them and hoping they will be
learned) is frequently employed. Where the identifications refer to equip-
ment or locations or other readily visualized things, it is ccmmon practice
to acccmnany the lecture by sane form of "teaching ai!l" or so-called training
clevice. This may be the actual equipment or situation (see Figure ll-1),
or it may be a cheaper substitute in the form of pictures, charts, slides,
models, etc. Characteristics of these kinds of devices and their uses arc
considered further in a later section of this chapter.

A srecial disadvantage of the lecture method for identification learning
is that it generally fails to tahe adequate account of necessary conditions
for efficiently learning the large nmber of identifications that may need
tc, be mastered. Often these identifications are merely stated and pointed

by the instructor, whereas effective learning requires active 1.espense
in the form of repeated drill or recitaticn, by each student on each
identificaticn until it is mastered.

1 3
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Where group instruction must be used, class drill rather than straight
lecturing is the best method of teaching identifications. Relatively
simple aids in the form of pictorial charts, fla-a cards, or slides are
usually at least as.satisfactory for this rurrose as more extensive aids such
as mock-uPs and models. Sometimes, in fact they are more efficient than
mock-ups because, in addition to their lower cost, they provide better
depiction and control of the display in ffuiding thc student's rerception
of objects and locations to be identified. For example, a chart or slide
display such as the onc shown in Figure 11-2 can be used to tach locations
ns well as functional and physical interconnections in teaching the identifi-
cation of system components. On the other hand, a close-up auch as the
cut-away drawing shown in Figure 11-3 can be used when it is desired to
focus attention on fine detail, either for teaching identification of parts
or their locations and interrelations. Often this detail could not readily
be observed by more than one or two rersons at a time in classroom viewing
of a cut-away model of the actual equipment.

Instruction in identifications, using such visual aids, can well proceed
by a "Socratic" method of question and answer--"Where is the . . .?", "What
is this . . .?", "What goes here?", etc, Note that the training aid does not
teach in itself; it merely provides the things to be pointed to and asked
about by the instructor and identified by the student.

Individual drill is more effective than class-group drill for the
reasons noted above, but usual ways of providing for it are very expensive
of instructors' time. With an adequate supply of simple, inexpensive
training aids such as realistic drawings or suitable photographs (see
Figure 11-4) pairing off studentG to provide coach-and-pupil teams for such
drill can be quite effective under suitable supervision. In addition,
recent progress in developing methods for "automated" training can be
readily applied for affording the kind of individual drill required for
effective learning of a large number of identifications required
variety of jobs (see Chapter 12). -

Teachinp: Facts and Simple Relations Considered as Identification
Training: Knowing "facts" often really consists of being able to identify
or relate verbal or symbolic terms in one-to-one fashion. Psychologists
often term this the learning of "IJaired associates." The essential facts
that "the capital of the state of Pennsylvania is Harrisburg," and so on
for the other states, soon reduce to a set of verbal identifications
"PennsylvaniaHarrisburg," or vice versa. Similarly, the "fact" that the
number for a holding relay in a specified component of an electronic control
unit is A-57325 consists, basically, in identifying that number as the one
to specify for obtaining that Particular part, or the reverse process of
knowing that Part No. A-57325 is that particular relay. The two comple-
mentary identifications are not identical; a person may be able to make the
oroper identification in one direction but not in the other. For example,
thc student may be able to respond promptly and correctly to "What is this?"
when the instructor points to a given item in a complex array, though the
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:ame student has not yet learned to locate the item correctly in response
to -aich is the (na:ne of item)?"

Trainirw; 2.ids for Effective Identification Drill: Individual or group

drill in teaching such identification facts thus needs to provide for
practice in making associations in both directions, and training aids should

designed to make this Labeled photographs for initial famil-
iarisation should be supplemenod by unlabeled ones coupled with lists of
ters to be identified on the latter. Ilhere coach and pupil teaching is to
be used. using students in the coaching role, a labeled aid for the coach and

unlabeled one for the pupil should be provided.

Learninr; of Principle: and Relationships

Basic Reouirements: The most important consideration underlying the
de:Agri of effective devices for this aspect of tl:aining is to make a
searching analysis of what principles, concepts and relationships are
really essential frcm the standpoint of carrying out the task which the
student is being trained to perform. 01-2 of the most frequent sources of

confusion is that of failing to distinguish between physical principles
governing the ccnstruction and functioning of a piece of equipment, versus
those principles related to its operation and maintenance which the operator
Cr technician for that piece of eouipment actually needs to use in performing

his job. These are not necessarily at all the same principles, although there
might obviously be considerable overlap in many instances.

One of the seemingly obvious sets of principles that may be stressed
in training electronic maintenance technicians, for example, are those
involving the theory of physical functioning of thermionic vacuum tubes,
semi-conductors, electro-magnetic induction, and the like. The principles
that are more pertinent to actual job operations, on the other hand, may be
principles of data-flow analysis that are independent of how the "innards"

of the couipment work. These may tell, for example, how to devise strate-
gies for troubleshooting that effectively take into account the likelihood
of various kinds of malfunctions and the time needed for making various kinds
of *iagnostic checks.

The determination of principles to be taught and the sequence in which
they should be taught should, in general, always be based on as complete as
possible an analysis of the actual duties that the person being trained
will be called upcn to perform. The principles of physical functioning of
a Piece of couirment are unimportant, except inscfar as they are actually

the relevant principles to apnly in making decisions as to alternative
courses of action to follow in actual job operations. The determination of
the aspropriate conceptual content for a particular job--that is, the prin-
ciples that really need to be applied in carrying it out--often calls for a
fairly high degree of skill and experience. Useful guidance is provided in
parts of Chapters 2, 3, 9 and 10. The remainder of this section deals with

1 9



characteristics of devices thai-, may be effeCtely used for teaching the
concepts and principles which have been identified by an appropriate prior
analysis as thf: ones that need to be learned for a particular job.

Knowlede of Principles: i!,ost principles are stated in verbal form
cr, in more sophisticated applications, in terms of mathematical symbols.
-Knowledge" of a principle may be revealed either in terms of being able to
tat:, it (or restate it in various forms and contexts), or being able to
aly it to a variety of situations. "Knowing" the formulas for computing
centrifugal force and the area of a circle so that they can be applied in
rote or straiahtfcrward fashion are closely similar to tasks of simple
verbal identification. On the other hand, knowing how to select the right
,,:rinciple or relationship from a large number of possible ones is often
more cl2cely akin to the tasks of problem solving and comple:: decision
]akng.

Our psychological imowledge of the nature of "understanding" is at
Present nuite incomplete. However, it is clear that mastery of any prin-
ciPle, in the sense of being able to apply it, reouires two things. The
first is mastery of component identifications (definitions, etc.). The
second is extensive practice in mental or verbal manipulation of the terms
entering into the principle, and of ways of applying it in diverse situ-
ations. Understanding a principle certainly does not mean merely being
able to state it in parrot-like fashion in sme one particular manner in
-::hiCh it has been memorized. The ability to use a principle generally
reouires that the basic relationship it e:Tresses can be expressed in vari-
ant forms and that the proper elements entering into it can be identified
in a variety of instances.

Teachinp; of Principles: The learning of concepts and principles as
avolied to a specific operational situation or a piece of operational equip-
ment is Perhaps most freouently accomplished by a combination of lecture
(or "lecture-demonstration") and unsupervised individual study from training
manuals and technical orders. Often such instruction is very inefficient
because of inherent limitations of the methods employed. Neither the lecture
nor the individual study provides for effective drill and quizzing on the
knowledge of the material that is presumably being taught.

The usual lecture for teaching of principles presents material at a
rate much too ranid for it to be really mastered by most of the students.
Also, it often presents a hodge-podge of material that fails to differen-
tiate those aspects of the topic that really need to be mastered from those
on which general background and familiarity is needed. For the latter, a
good film or a lecture with suitable visual aids (see section below) may
be adeouate. Dut Cor those principles that the student needs to master and
be able to apply on the job there is probably no substitute for extensive,
active practice IL dealing with the principles and their application. This
often needs to cover a wide range, from learning basic relationships (where
the kinds of drill described in the section on "Teaching Students to
Identify Things" above, is amplicable) to active practice in applying
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principles to the solution of operational exercises using devices of the
kind described in the subsequent section on 'Synthetic Practice Devices for
Ccmplex Systems."

Between these two extremes, it is often useful to provide the student
with extensive rractice in verbal maninulation of terms and relationships,
in a program of instructional exercises in which concepts are gradually
built up, starting with the simpler examples that need to be mastered first
before he proceeds to more cemplex problems. Often the content of the kinds
of exercises needed is essentially verbal and symbolic in nature. Here,
complex training devices are quite inappropriate; what is really needed for
offective training is not esuirment but, rather, a well-designed set of
instructional exercises. However, the presentation of such eercises and
the checl:ing of student responses to them can often be effectively mediated
by using scme of the kinds of self-instructional devices described in the
next chapter.

ic Hirhiy Interrtienzhips: Understanding the
leration in a ccmplex system may require relating a considerable number of

observable indications to a very large number cf components that comprise
the system. The difficulty of learning to do this is often increased
because the relationships between observable indicators and the internal,
functioning of ccmponents may be different under different modes of -)ipera-
tion. It is difficult, costly, and time consuming to represent all these
ccmplex interrelationships through study and experience of the actual
operational equipment or operational situation. Accordingly, it is often
desirable to represent the ccmponents, indicators, and relationships in a
simplified schematic or symbolic form. Generally, this is done in ouite
unsystematic fashion, and a sturl-nt must then inefficiently "dig out" many
of the pertinent relationships r himself each time he needs them.

The importance of providing a more systematic basis for training
through appropriate devices and materials is particularly great in the case
of learning the ccmplex functional relationships on which successful diag-
nosis of malfunctions or troubleshooting of complex equipment may depend.
In highly complex eauirment the number of poesible interrelationships that
may exist between malfunction conditions, mode or nrocedure of operation,
and output indications at test points is so large that a systematic way of
analyzing and presenting this information can be very helpful.

Cne ar,2roach which deserves consideration is indicated by the device
portrayed in Figure 11-5. This device, a "Malfunction Information Trainer"
or "NIT," s described in more detail by Croder (1957). It is essentially
a device for displaying the ccmplex relationships between control inputs,
output indications, and a large number of possible malfunction conditions
existing in any of a ccmplex system's several possible modes of operation.
such a device can do two things: First, it can provide symbolic practice
in troubleshooting, in which the effects of various test operations or
signal injection procedures can be observed in terms of a variety of output

2 1
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indications, lInder a wide range of malfunction conditions. Second, it
provides a cartplete, compact, and systematic tabulation, interrelating
these factors, which is helpful either as a jot aid or as a basis for
designing training exorcises.

Az exemplified in the case of one of the Snerry K-series bomb naviga-
tion systems, the device consists of a rectangular table of 26 columns and

rows. In the'device in Figure 11-5, this table is carried on a roll of
paper, and entries for only one row at a time can be examined. The
23 columns represent 28 different critical combinations of control settings
and lenipulations. These are arranged across the table and are described
in abbreviated form in the 28 columns cn the panel of the exposure device.
Each of the 476 rows is identified as a "test point" or output indicator.
The row of the table that is lined up at any one time in the exposure device
will display the results of any selected signal-injection procedure on the
indications observable at that one test point. Selecting the buttcn for any
column of the table will then display, in coded form, the test result that
would appear at that test point. (row) as a result of the specified control
manipulation or signal injection procedure (column). The test result is
expressed as a single code letter, such as the letter Yb" that has been
c=osed in col= 19 in Figure 11-5.

For this Particular system the ccde used (displayed at the upper part
of Figure 11-5) reouired almost all the upper and lower case letters. A
complete table of 3,384 entries was used to reflect the state of the system,
in terms of all indications for all indicator points, under normal operation.
::dditional, similar tables were then constructed for each of a large number
of malfunction conditions. Ileference to the appropriate row ("test point")
in the table for any given malfunction condition would thus yield the indi-
cation obtainable with that malfunction for any selected signal-injection
procedure.

Such a 1)ainstaking and exhaustive analysis of interrelationships in a
complex system not only affords a basis for the particular kind of training
device here illustrated, but is of more general interest because it repre-
sents a possible major step toward making the diagnosis of complex
operating systems more of a science and less of an art. One of the reasons
why troubleshooting procedures are often so haphazard (and why, hence,
training for them is so difficult to systematize) is that no really compre-
hensive analysis of this kind has been made. laking such an analysis is a
laborious and time-consuming procedure, and generally reouires a considerable
amount of empirical determination with an actual operating system under
normal conditions and with various experimentally inserted malfunctions.
However, it is entirr,ly feasible, the most difficult part being the con-
struction of the original normal-operation table. For the K-series systems
it was found that, after the description of the normal system was written,
the der,cription of a specific malfunction could be written by a skilled man
in a few hours or less, and that a library of several hundred malfunctions
was thus economically feasible. Such a library affords a valuable founda-
tion for the design of training devices and procedures for teaching methods
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f malfuncticn diagnosis. In addition, such a compilation, presented in a
simplified form of "malfunction indicator" device, could potentially beof considerable value as an informational job aid. The availability of
slich reference information in conveniently usable form on the job might
not only increase the efficiency of troubleshcoting--even for experienced
personnel--but might greatly decrease the amount of training required in
order to locate many malfunctions.

Learning. L-3esuential Frecedures

-3asic Resuirements: The general requirements for effective teaching ofProcedures re fairly simple, even though procedures to which they apply may
cover a very wide range of tasks differing greatly in length and complexity.
Exel:iples include assembly and disassembly of a piece of mechanism, removal
and replacement of cempenents, fueling a missile, setting up a piece of test
el-,ui-ment, taking an inventory, changing a tire, filling out a form. Scme
Procedures (such as checking out a complex electro-mechanical bombing and
navigational system) are very lengthy, involving hundreds of steps. It is
often useful, both in training and in job operations, to break down such
lengthy procedures into a series of shorter sequences. "Knowing how to
Perform a procedure of any length involves knowing how to perform each
s=llest step (which may resolve into a ccmponent identification or a
single skilled motor act), linking these together into sets or sequences,
and finally integrating these sets into the total procedure.

Me learning of a sesuence of steps, as distinct frcm knowing how to
Perform the individual steps of the sequences, can often be simplified
greatly by use of a check list or other job aid (see Chapter 7). For scme
kinds of procedures, where the steps must be performed rapidly under pressure,
it is nct possible to "look them up" in such a guide. But where it is
feasible to use such a reference source as a check list, the training require-
:_ent for satisfactory job performance may be greatly reduced (even though the"old hand" may no longer need the check list).

Knowing what hinds of procedural guides (check lists, etc.) will be
available thus is an important determiner of the specifications or charac-
teristics required for a training program or training device. Conversely, an
apparently difficult training requirement can often be greatly simplified
by converting the reouirement so that it calls for a better source of read-
ily-used on-the-job information, which then :eed not be "stored in the
trainee's head." This is particularly true for lengthy, fixed sequential
rrocedures, but may apply also to the requirements for variable or contin-
gent procedures like troubleshooting. In either case, the result of requir-
ing that training equip the man to do the job with the hlep of a well-
designed job aid can mean that the training requirements are made much
easier: Instead of having to memorize a very lengthy sequence (fixed or
c-aitinr:ent), the trainee need only learn a variety of relatively short,
unitary procedures which can be called out or "assembled" in proper order
on the job by fuilowlwg Lhe sequence's given in the job aid.
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Training devices for teaching of either lengthy cr relatively short
procedural sequences generally involve to distinguishable elements. The
first is a stimulus input element CT source of procedural instructions.
The second is a respense element or set of "manipulanda" on which the
rrocedures are executed. The source of procedural information may be

sketchy, merely outlining the steps as in a check list, or may be
very detailed and ccmnlete, as in a step-by-step procedural-demonstration
.:uund film. The respcnse elements generally cr,nsist cf equipment and
semetil:.es tools. T:.e, equirment can be a real piece of complex orerational

a model cr picture of this esuipment, or, at the other extreme,
:erely a fcrm te be filled out.

:'-ten-by-Sten Directions in Teaching of Procedures: Sometimes the input
information in a training situation is provided by an instructor who gives
the trainee step-by-step directions which the student follows. This has
advantages of flexibility and permits individual pacing and adjustment to
fit the student's aptitude and rate of progress. However, it is extremely
costly of instructors' time. Accordingly, various fully or partially
autemated substitutes have been devised that will undoubtedly be more
and ucre widely used in the future.

For many kinds of tasks at early stages of training, visual demonstra-
tion accomPanied by cral directions or explanation is preferable to reliance
on nurely verbal directions as a guide to initial following of procedures
by the trainee. Sound motion pictures have great potential for this purpose.
However, their effective use requires that they be constructed specifically
as procedural guides, and exclude "familiariEation" or "motivational"
material which, while appropriate for other purposes, is extraneous to the
nrocedural demonstration. The latter must cover in careful detail each of
the stops in the demonstrauion sequence that are essential if a novice is
really to be able to "follow" or successfully imitate the procedures demon-
strated. Such films, consisting merely in clear delineation of a series of
procedural steps, should have adeauate provision for stopping, to allow
trainee practice, after each step. They can nearly always be filmed at very
111 cost, using minimal production facilities. Some excellent guidelines
for local production of such low cost films are given by Greenhill (1955).

Effective Use of Procedural Films: For effective use of such step-by-
::tep procedural demonstration films, each student should be equipped with
the appropriate response eauipment or 'manipulanda" for following the pro-
cedure. A short demonstration segment is shown, then the projector is
stoPred on 'still frame" while the students perform that task before going
en to the next. The instructor can chtck the students' performance as
often as necessary. Such a technique has been used successfully for experi-
ental instruction in the photographic school at Lowry Air Force Base in

tc.'aching students to assemble and service Air Force cameras.

The use of sten-by-step procedural demonstration films in this manner
is r-reatly superior to the much more cemmon practice of showing a complete
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...(.mtr:Itin film in a clasL;rocm situation .ind thun later having the

..:tdent fry to '.-.erfor::: the -!Deratiens m the basic of recall after L,

=mber or hours ar days have elapcd. Convincing evidence on Aris
been f-,Tnicd from data of e:Iperimental students by :.iaccoby and

Outfield (1:!5). These invetigators found that learning was much more
ra-:).d when very short do:monstration segments of only a few seconds were
Ir_medilLtely follced, for at least the first fcw times through a procedure,

student r;orform:iince of the steps demonstratedas ccmpared with condi-LTns which the -oractice 7;as deferred even a few minutes (until the end
relytivc:ly :hort film).

7=t1ler technicues fur cPt:Imi:ing the use of demonstration film are
:sus.77ed in connestcn with the autc-mated :elf-instructional devices des-
ed n Char,tcr 1:.

Traininr 1-2uiment f,5r fracticinr7 Procedures: For effective practice
orocedures the student needs to have an opportunity to make appropriate

reo'conses to the step-by-stel) seouence of instructions that outline the
7:r,Dcedre, regardless of 17hether these are given by a manual, an instructor,
cr a demonstrational film. There is some evidence that "mental" rehearsal
of the :Iotor acts involved in a procedure can sometimes be Quite helpful

Hari:y, 1952). Generally speaking, however, the practice of procedures
should be conducted with t-le student actively executing the procedures as
directed, using apnropriae maninulanda in the form of eeuitment or substi-
tute couil7ment and any tools reauircd.

For many tasks, actual eauipment may be used. Often, however, this is
not necessary in carrying out an adjustment procedure. With equipment com-
nosed of separate black-box subccmponents such as the one shown in
Figure 11-4, a single component of the actual equipment may be used. An
inccmplete component or photographic replica may be satisfactory when the
responses are straightforard and already learned as individual units. In
this case the steps of the procedure may be complied with, for much of the
practice, simply by such substitute responses as positioning a screwdriver
and pretending to turn an adjustment screw by about the right amount, or
doing a ma::e-believe flip of a photoEranhed toggle switch from up to down,
CT by simulating the twisting of a dial and indicating orally to what
position it would be turned.

A replica allowing only such substitute or symbolic responses would
generally not suffice, however, if the "feel" of the response must be
learned. At least those elements of the equipment which provide this kind
of feedback need to be physically present for most effectivepractice. But
this by no means necessarily renuires that all of the insides of the equip-

be in the components that 3re to be used for training purposes.

Similar considerations apply where the procedure consists of adjustments
and settings of control panels. Often, many parts of the procedure can be
carried out with only the face of the instrument present. Certain aspects of

2 6
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procedure, however, will reyuire learning to adjust the steps taken to
changing displays affected by the control settings--such as an oscilloscope
pattern. For these, the use of the actual equipment is often simpler than
trying to simulate the control action.

However, the portions of a procedure requiring this often comprise
only a very small percentage of the steps in a procedure. Thus, a simple
"surface" mock-u7)may be satisfactory for practicing nearly all of the
procedural steps, with real eouipment being used only when required. This
means that the number of items of expensive real enuipment required for
practice can be reduced by using a single piece for a number of studonts
only at the points where it is primarily required.

Variable and Ccmplex Procedures: In other instances, procedures which
must be adjusted to tfie "feedback" of changes in display resulting ircm
adjustment7 of controls or other manipulations can be provided more ::.ffec-
tively or mere cheaply by o. simulated procedural training device such as
that shown in Figure 11-6. In this device, actual or simulated ccmponents
or photographic representations are used, depending on the needs of training.
Special circuitry is provided for feedback for making displays responsive to
control adjustments as in actual equipment. An instructor supervises and
checks the student as he performs adjustments and check-out procedures. (This
device was developed primarily as an efficient means of testing performance
for routine alignments and adjustments, but also can be used as a training
device for these tasks; see Briggs and Besnard, 1956 for a more detailed
account.) Note that, as in this instance, simulation provided need not be
fully realistic in all cases in order to meet the needs for effective
training. For example, where the discrimination on the actual equipment is
essentially a "go/ne-g3" decision in terms of the way it is interpreted, a
simple on-off indicator such as a light may be stibstituted in the simulator
for a meter reading or other quantitative display. The question of whether
special simulator circuitry should be provided in a piece of training equip-
ment is often a. ccmplex one. A ccmplete discussion of the factors affecting
requirements for sensory feedback in training devices used for teaching ho
to make procedural adjustments on equipment is beyond the scope of this
chapter. Scme useful guidelines are provided in reports by R. B. :tiller
(1953b, 1956a, 1956e).

Part-Task Procedure Trainers: flany lengthy and important but relatively
simple procedures are required by flight and maintenance personnel in flying
modern aircraft and preparing them for flight. Cockpit procedrre trainers
(consisting essentially of a ccmplete "life-size" mock-up of the cockpit
interior and its displays and controls) are frequently used, especially for
the training of flight personnel. The number of displays and controls for
such a replica is quite large. Scme cockpit procedure trainers carry simu-
lation to such an extent that almost every aspect of the cockpit is dupli-
cated in the procedural 'trainer, though there is considerable variation in
the ccmpleteness with which displays are made functional and responsive tu
the acts of controls.

2/1-2
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E-4 SYSTEM PROCEDURAL TRAINER

Figure 11-6. A Special Device for Ti.einint; f Prc.cedures in Maintaining
a Fire Control System.
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Aach trininL-, devices can unquestionably make an important contribution
to training, and in many instances can reiTlit a complete run-through of
imi:ortnt procedures in a way that is saier or more economical than performing
them in the actual aircraft. (The same is, of course, true for panel
simulators of consoles used in missile direction and similarly conceived
rart-task trainers for other kinds of jobs.) On the other hand, many pro-
cedures and discriminations which flight personnel and maintenance personnel
must learn to accomplish either require only a small portion of the total
.vailable display at one time, or require that only a few instruments be
L.,de responsive for the actions of controlswith the rest merely furnishing

basic information or being irrelevant to that particular procedure.

Accordingly, 'important economies could sometimes be realized by
constructing several part-task trainers. In these the instrumentation can
1,.e limited primarily to those display-control combinations that enter into
the tasks that require the most extensive practice in order to master. Even
as simple a mock-up as that provided by the experimental training device
..:hown in Figure 11-7 might frequently suffice in providing such intensive
practice on certain key Procedures. (This device is described in an unpub-
lished staff memorandum by L. i. Stoluro and L. P. Pottsepp, "The Propulsion
Research Unit Jet Engine Troubleshooting Trainer," prepared at the Mainte-
nance Laboratory of the former Air Force Personnel and Training Research
Center.)

The utilization of such a simplifiecl part-task trainer does not
necessarily replace the more complex and completely instrumented training
device, but rather may be used to supplement it. This can often best be
done 'cy using the simpler part-task device to insure mastery of unit
skills, reserving the more complex and expensive device for those portions
of training for which its characteristics are really required.

In addition to its economic advantages, the simplified trainer may
sometimes actually be a more efficient training device than a more complete
simulator because it makes for greater concentration on only the crucial
asrects of the task during initial stages of learning. Also, the rela-
tively :imple part-task trainer makes feasible a program of intensive
1:ractice that leads to "overlearning" of crucial operations: The trainee
contimles practice of a critical procedure until he can practically "do it
in his sleep. This may cost tco much when more complex devices are used.

I". :.r.d Diagnosis

Basic Requirements: "Decision making" and "problem solving" in
elementary form include many very simple choices that every child soon
learns to make easily and automatically. But learning to make good deci-
sions in complex situations is undoubtedly one of the most difficult problems
a trainee has to face. The need is encountered in a .great variety of tasks
in nearly all phases of military and industrial operations. It will be
exemplified in this chapter primarily in relation to the troubleshooting or
diagnosis of malfunctions in equirment systems.
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It is generally felt that the ccmplex processes of diagnosis or other
problem-solving tasks cannot be fully mastered simply by routine kinds of
practice: Knowledge and understanding of guiding principles and of inter-
nal cause-effect relationships often semm to be required. At he same time
it is easy to carry this notion too far, and one of the main ways in which
training devices can undoubtedly contribute to ability in such tusks as
troubleshooting is through providing a wide variety of suitably guided
practice or experience in applying methods and principles in the diagnosis
of actual or simulated malfunction conditions.

Practice in Troubleshooting: After a_s.tudent can interpret symptom
information and follow appropriate courses of action for making checks,
training is required that will give him actual practice in making the
decisions involved in choosing alternative courses of action. For a com-
plex system which can have a very large number of possible malfunctions,
skill in making such decisions for troubleshooting requires the ability
to formulate efficient strategies of diagnosis. This may call for extensive
opnortunity for practice before satisfactory effectiveness is attained.

The troubleshooting of even an extremely simple system such as an
automobile ignition system or a landing-light circuit may pose quite a
formidable problem to the novice. For such a simple system, adequate
practice in diagnosing artificially inserted malfunctions can be afforded
by a fairly simple mock-up, such as the one shown in Figure 11-8, composed
of the actual equipment ccmponents. However, the mock-up must be designed
with this purpose in mind, so that any malfunction can be inserted or readily
simulated by appropriate adjustments made by an instructor. Use of simple
test equipment such as a continuity checker then permits the student to
conduct diagnostic tests to determine the nature of the malfunction. Even
with such a simple system, however, the use of practice in using such job
aids as a schematic circuit diagram or, better, a proceduralized strategy
of step-by-step checks, is generally desirable.

Synthetic Practice Devices for Troubleshooting Complex Systems: When
the job requirements are for analyzing malfunctions in equipment of much
greater complexity, use of an operational equipment mock-up in this fashion
seldom provides a fully satisfactory training device. The necessary mal-
functions often cannot feasibly be inserted in such a way as to give the
students a full range of practice. Even if they could be, the carrying out
of all the actual diagnostic checks that would be required to provide ade-
auate practice in interpreting different patterns of symptoms, and learning
to make appropriate decisions based on them, would be prohibitively time
consuming.

Requirements are thus posed for a device in which:

Essential hinds of interrelations between malfunction con-
ditions and observable indications can be observed and acted
upon.
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A wiee rno:: of malfunctions can be readily inserted
in such a way LIS to produce appropriate symptoms.

J. The cause of these symptoms can be discovered by analy-
sis of data obtained et proper system check points.

4. The procedures required to obtain this information and
take corrective action are simplified so that they can
be carried out quickly and yield appropriate feedback
promptly to the trainee.

The so-called "malfunction and circuitry" trainers (or "NAC")
shown in Figures 11-9 and 11-10 were designed as approaches to the require-
ment for training devices which provide individual troubleshooting practice
in a way that meets these requirements for complex systems. In these
devices, a wide variety of malfunction conditions can be introduced by the
instructor for the student to diagnose, simply by changing plugboard con-
nections and switch settings. The experimental device shown in Figure 11-9
was developed in terms of simplified inputs and indicators that simulate
nearly all aspects of the operation and essential circuitry of the 1C3A bomb
navigational system, in a way which would be efficient for training in
knowledge of system functioning, data flow, and troubleshooting methods. A
detailed description of the design and use of this device is given by
French (1956a), and some experimental data on its effectiveness in a training
course are presented by French (1956b) and by French, Crowder, and Tucker
(1956).

The conclusions of the latter study indicated that some modifications
in the design of the device, including more realistic representation of
some of the campcnents, controls, and test equipment, could make it a
highly effective supplement to the use of the operational equipment either
in formal training courses or in job-training situations. The study demon-
strated that apprentice mechanics could learn systematic troubleshooting
procedures by use of the device under appropriate supervision of an
instructor, employing logical analysis of the system's data flow as simu-
lated by the functioning of the training device.

The later model of the "MAC" trainer for the NA-7a bomb navigational
system, shown in Figure 11-10, is described by French and Martin (1957).
This report summarizes the main advantages of this kind of training device,
as well as the specific operation of the particular device illustrated.
Functional specifications for a similar trainer are given in a Technical
Memorandum by French (1957). In the later model "MAC" trainer various
basic control elements of the device (such as the tracking handle) are
reproduced realistically, as are test instruments used in performing diag-
nostic checks. Major replaceable components are represented by amail
plug-in units. Some of the other components are merely pictorially
repreacnted. Most of the indicators of system output are reduced to
"go/ne-g.J- indications (represented by iodicator lights).
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The basic advantaes disadvantgo:J of this type of trauinp:
equirment arc Lluvmaried by Fre:!h and i.lartin (1957). Some of the advan-
La,;es they p,:)int out for the "1,AC" trainer, when used. to supplement training
acc,:mplished on cquirment in the aircraft or a bench mock-up, aro:

that:

1. A wide variety of malfunctions may be experienced and
analyzed in a relatively short period.

Training in basic troublehooting skills may be accom-
plished without jeopardizing operational commitments.

3. The risk of damaging or seriously misaligning operational
equipment is lessened.

4. The controls and indicators of the system arc closely
integrated, which is particularly advantageous for
effective demonstration or practj.ce.

5. A "AC" trainer costs only a fraction of thc amount of
the operational system itself, and reauires negligible
maintenance.

Among the disadvantages or limitations of the "riA.C" type trainers are

1. Since a "i1AC'' trainer reduces system operation to a
simplified simple level, there is little provision for
experience in the interpretation of exact, quantitative
readings and visual displays.

2. Certain classes of malfunctions cannot be simulated with the
devices thus far constructed.

The "NAC" trainer can therefore be recommended as a highly effective supple-
ment, but not as a ccmplete substitute for the actual eQuipment in maintenance
training programs.

Although such a device as a "NAC" trainer may require a considerable
amount of supervision by an instructor at scme points, the student is
often able to proceed by himself on a "problem solving basis," particularly
in more advanced rhases of training. Practice on such a device appears to
be an excellent means of gaining familiarity with system data flow, circuit
analysis, troubleshooting procedures, and the use of job aids such as
maintenance manuals. The device thus shares certain features with more
completely automated "teaching machines' that are discussed in Chapter 12.

Lihe the teaching machine, the advantage of such a device over
conventional lecture methods lies in the fact that it challenges the student
and requires active performance of appropriate resronses, with immediate
"feedback" as a consequence of the responses which the student makes.
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.),I. 1: ,,o,. IL tA:.-AThihi....-H.Hine:,,, '..( 1. A. , i "a1,, - I i Le"

1; .111.,..:e..t b 11-1 I .. ..0 ci..,I111.11,ute h. . udeht'.. I....et:iv-I-Le/I

,i:' Li...L.1 -,....t....1: b-,,. 'clo m:!ch1ne.

'yst( -iThked Levice:;: The ";;AC" trainer Is !!11

r
k .1: !I Li I r'Li.11C1' UNA; I;l:Akt::: CO11:7 11:;(

:;implificd indicators .(nd ccntrols, and that
anl (2,211:.1tru,-Led to apply An Lho rca, a particular oquip-

A:t '1110 latter feature, inherent in all ...,yhtc.m-linked training
vHcs, ha: tho ....concmLc !nd dl;ladvantai,K that a new trainer must

each eulpment systcm, and must be modified tc, reflect
ma.lcr en:,ineering changes in successive models of operational equipment.

not on-.1.y increa.ser the total cost of training eouipment, as compared.
what ,-!'n -chievid with general purpose trainer, but means that

cortil,.1121e "lead ti.:le" is required in developing the device. Though thic
le.:d Lime my- les:: than would be required in the case of trainers
whli'h mIke e::tenive use cf eperational equipment cempcnents, it can still

1:m.1:i.d:tble fy.et,_:r in trying to assure that adequate training equipment
avadlThle 1-,y the time it is required.

:)1-1 the ether hand, some kinds of training devices are designed to fit
the requirements of a general class of training functions common to a number
D _C sy::tes. These may reouire, for their adaptation to the training of new
:2ebs (e.g., those occasioned by a new equipment syrtem), only the prepara-
ticn ne,7 materials, in verbal and pictorial form, that can be printed on
paper CT film. The latter materials normally take much less time to prepare
and, particularly, to reproduce in quantity, than is the case with "hardware"
configurations for a system-linked trainer such as the "hAC" trainer. Cn the
other hand, it may be difficult to devise a Feneral-purpose trainer which
will afford the means of simulating all the aspects of system operation
re:iuired for effective practice in either the intellectual or procedural
H:;rects ef zystem checkout and malfunction diagnosis.

One solution that has considera'ole merit is illustrated by the
,;,_mb,inati(,n of ecuipment shown in Figure 11-11, described by BrirTs (1956).
The prograrling of problem 1.7resentation and other information sources, inclu-
dinr; the results of checks made by the student in the course of practice, are
rresented in pictorial, numerical or verbal form on the screen of a micro-
film device at the rit. (This is a modification of an automated device
described -arthor in Chapter 12.) It is used in conjunction with a mock-up
of actual and simulated system components as in the device at the left in
Figure ll-ll. The results of manipulations of controls made by the student
on the left-hand device may either be fed directly into the programning of
the microfilm projectoror, more simply, the ceouence of information pre-
:ented by the latter may be governed by coded inputs to it that are
injected by the student or instructor on the basis of the results of
anipulations performed with the complementary equirment-comonent mock-up.

This kind cf ccmhination may afford many of the same advantages from the
standpoint Gf training as does the ":1.AC" trainer and similar devices, but
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ty and :upt.T.i...r and (..,c,,nunie qualities.

Ihe pr-;-1..!..-quenciT using microfilm or other information displays can,
H. 1. used with other systems, or reprorrammed rather

con.tructin;7 new film materials, to take account or sy:Item
(!h::11g1.... At the s:.ime Li mu, revising or replacing the simulated ccmponents
hl tile left-hand device for use with the rani film program can up-date the

j cLmbint,:H.2n wlth much less time and oxpense than might be required.
('Untruci., a wholL new trainer or to make extensive circuit chmlges in

type device.

:.any rurther attLmpts have been made to reduce the operations and,
frLici.:1-ri, the Entellectual processes and decisions involved in trouble-
M(oLin of acmplex equipment and other diagnostic problems, to simpler
.;ymbolic materials or "paper and pencil trainers" (see also Chapter 12).
Often, the crucial a:Tects of training are learning to make right decisions
cn the basis of information: and the question o he form in which the
infcrmation is obtained, or the physical nature of the responses used to
represent checks to obtain this information, may be relatively unimportant.

Troubleshootinr; Trainers in Relation to Job Aids: 'It is clear that some
:).1: the kinds of information required for the design of training procedures
and training devices for complex tasks such as troubleshooting may also
afford a basis for information sources which can be used not only in training
i-ut also cn the job. This was noted, for example, for the malfunction
iafcrmation tabulation used with the "NIT" device depicted in Figure 11-5.

The availability of such devices as accessible on-the-job information
urces may modify considerably the requirements for training that will be

adequate to produce satisfactory troubleshooting capabilities in technical
Eorsonnel. In particular, convenient accessibility of information that
indicates the functional interrelationships of a system may mean that
:lach less knowledge of system function and of underlying theory is required
than would be needed without the availability of such job aids. Thus it is
important to consider the potential availability of proceduralized trouble-
-.11coting guides (described in Chapter 7) in relation to the design of
devices for troubleshooting training. Where suitable job aids can be made
available for proceduralizing part or all of the troubleshooting on complex
ecluipment, the specification of training reeuiremt.nts should take account
c-f. this fact, in two ways. The first way is that, as above indicated, the
amount ef conceptual knowledge which a. training program must include can be
considerably reduced (Derkshire, 1954; Hoehn and Lumsdaine, 1958). The
cecond way is that the training program should provide explicit practice in
the use of the proceduralized job information aids (in connection with
ranipulation of either actual equipment or synthetic practice devices).

The information in a job-training aid for troubleshooting may be
-z:resented in various formats and may make use of diagrammatic represen-
tations. The latter may either provide indications of contingent or
"branching" seaucnces of procedure, in diagrammatic form, or may consist of
II.Aa-flow diagrams with particular elements and pathways emphasized in such
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Figure 11-12. "Diagnostigram" for troubleshooting a flight-simulator. Such diagrams,
representing essential elements, functional relationships and check-
points of a ccmplex system, have been designed to facilitate logical
troubleshcoting by simple "back-tracking" processes. This can be pre-
sented in a handbook as a job aid, or hy slides or transparencies for
class instruction.
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inforrlation necessary to make the proper discriminations is fjrst taught by
efficient identification-training procedures. Final practice in the muscu-
lar adjustments themselves is generally best accomplished under the close
supervision of an instructor.

In many instances, as in the case of procedural aspects of training,
isolated equipment components can be used for this purpose with consider-
able gain in efficiency. For certain skilled acts, which must be performed
in out-of-the-way locations that are difficult of access or impose similar
difficulties, practice may be needec] on the operational equipment as
installed in the ccmplete system, cr mounted in a way that enables the
r::echanic to learn how to cope with difficult postural maneuvers or accom-
plish,by feel, an adjustment on a component which is not visible. (These
,-equirements are sometimes not met in bench mock-ups of the equipuent.)
Vhen special motor-skill training devices are used for this end, however,
the requirements for their design are generally fairly Obvious, once the
foregoing considerations arc recognized and borne in mind.

Kew Skills: With the development of advancing technology, cel.l.ain
new tasks requiring precise motor-skill coordination have come about.
Adjustments to Performing ordinary acts under "weightless".or other special
rTravitaticnal or other unusual environmental conditions are a case in point
'eut will not be dealt with explicitly in the present chapter. Another new
class of tasks that has accompanied the development cf nuclear energy is the
use of remote manipulators for handling "hot" (radioactive) materials. These
represent an important, although apparently not overly difficult, training
Problem. Practice in acauiring such skills can probably best be accomplished
by the use of a device similar to the one shown in Figure 11-13, in which
the "input" and 'output" ccmponents of the manipulator are mounted close
together, so that the trainee can readily observe the results of his actions
and be given ccaching by an instructor where required. Scme additional
problems may be encountered in training individuals to use manipulators in
performing operations with materials which have to be remotely viewed by
means of closed-circuit television linkages or similar means. The use of
two-camera stereoscopic viewing devices for these purposes is a needed
subject for research to determine the characteristics of training devices
that incorporate remote-viewing components.

Skills Requiring Complex Simulation: As indicated at the outset, the
design of complex simulators such as flight simulators is an advanced topic
that is beyond the scope of the present chapter. The nuMber of such complex
devices that must be used in effective training can frequently be reduced
by desiLn of appropriate part-task trainers based on careful analysis of the
components of job performance. Readers who are concerned with the design
of more ccmplex simulators may wish to consult reports by Miller (19530,
Gogne'(195)4). Williams and Adelson (1954), Swain (1954) Halter and Fitts
(1956), Killian (1956) and Lybrand et al. .(1958). An account of some
complex simulation devices for team operations is given by Chapman and
Kennedy (1956). Same pertinent considerations entering into the design

4 2
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Figure 11-13. Remote-Manipulation Training Equipment. For tasks such as remote
manipulation, where precise manual manipulation depends on "feel"
coordinated with visual feedback, actual equipment may be preferable
to artificial simulation. For training, however, equipment should
be mounted so that it Permits effective conditions of practice and
coaching.
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of simulators for training of team performance are indicated in conjunction
with performance measurement in Chapter 13, and in reports by Glanzer, Glaser,
and Klaus (1956), Glaser and Glanzer (1958).

Summary

1. Effective learning of the numerous identifications required

in performing many tasks requires controlled, active practice

by students, rather than mere class presentation by an instruc-

tor. Coach-and-pupil methods can be used to provide this, often

using simple aids such as photographs or drawings in place of

expensive eauipment mock-ups. Practice should take account of

the direction of association required in job activities.

Knowledge of "facts can often best be taught by similar prac-

tice on the basic one-to-one identifications to which they may

be reduced.

2. An important and often overlooked prerequisite for effective

and useful teaching of principles is to identify those prin-

ciples which will actually need to be applied in performing

job activities. These sometimes do not have much overlap with

the principles that govern the physical functioning of an

equipment system which a man is being trained to operate or

maintain. Useful knowledge of the relevant principles requires

practice in recognizing their application, and actively

employing them, in diverse situations to which they apply. A

program of exercises to provide this extensive verbal or sym-

bolic manipulation often does not call for any complex training

equipment, though controred presentation and checking of such

eyercises to individual trainees may be greatly facilitated by

aPpropriate self-instructional devices.

3. An exhaustive prior analysis and systematic tabulation cf the

multiple interrelations among malfunction conditions, mode of

operation and output indications in a highly complex system can

often be very useful as a basis for designing training exercises
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and devices, as well as for codifying information in a form

that can be used as a reference guide for job activities.

The effective teaching of exacting sequential procedures

should proceed from a break-down of lengthy tasks into shorter

ones, each of which can be learned by following step-by-step

instructions or imitating a clearly presented demonstration.

Suitably designed films are a good means for providing such

demonstrations in reproductible, standardized form. These

should be designed to allow immediate practice after each

step of the demonstration.

5. The difficulty of recalling lengthy procedural sequences can

be greatly reduced if training can be based on the availa-

bility of suitable job aids. Similarly, the requirements

for troubleshooting training can be greatly simplified if

proceduralized troubleshooting guides or similar job-infor-

mation aids can be made available both in training and on

the job.

o. Practice of many procedures by trainees can utilize incom-

plete components, surface mock-ups, or inexpensive replicas,

reserving the use of functioning equipment primarily for

those procedures which impose the need to respond to complex

displays or to learn the 'feel" of the response. Even for

complex procedures, a combination of simulated and real

components with special circuitry to provide feedback may

provide a relatively inexpensive substitute for operational

equipment. This applies both to procedural training and to

practice in malfunction diagnosis. The design of such equip-

ment can often be facilitated by substituting simple, "go/

no-go" indicators to indicate equipment conditions. Use of

ine;:pensive mock-ups wherever possible can improve training

by making it economically feasible to provide sufficient

intensive practice to assure "overlearning" of crucial

operations and discriminations.
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7. In particular, assuring sufficient practice in the

interpretation of malfunction symptoms for complex sys-

tems and in choosing effective courses of action is likely to

reauire synthetic devices, in which the effects of a wide

range of malfunction conditions can be readily inserted for

the student to diagnose. Simulated plug-in units and sim-

plified indicators and controls can be employed in such

equipment so that the results of diagnostic checks or hypothe-
tical ccmponent replacements can be provided promptly to the
student. Such devices, exemplified by the "MAC" trainer, pro-
vide efficient practice in basic decision-making skills, and
form an important complement to practice with operational equip-
ment.

8. As an alternative to trainers which simulate the data flow of

a particular eauiTment system by functional interconnection of

components, devices that present programmed exercises in sym-

bolic form have the advantage of greater flexibility in

adapting to system changes. Such readily reprogrammed

problem-and-information presenting devices can be coupled

with the use of relatively simple mock-ups of the external

configuration for a particular system by use of coded inputs.

This combination offers possibilities for system simulation

of troubleshooting problems that can be adapted to system

changes merely by constructing new program materials and

making superficial changes in surface configurations, rather

than by complete redesign of complex training-equipment hardware.

9. The sometimes very complex requirements for effective motor

skills trainers are not treated in detail here, in view of

the decreasing prevalence of motor.-skill requirements in many
jobs. Skills reauiring precise muscular adjustment to feedback

frcm the "feel" of the operation are often best taught by

suitably guided practice on the operational equipment or on a
ccmnlex simulator.

4 6
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Classroom Training Aids

Use of "Classroom Trainers" that Depict Eauinment Characteristics

Currently, there is the beginning of a desirable trend for designing
training devices that are specialized for effectively attaining particular
kinds of training objectives, as described above. This tendency is still only
an incipient and partial one, and a great many classroom training devices are
still constructed which must somehow be used for trying to attain several
kinds of training objectives that the designer has not always had clearly in
mind at the outset. These training aids are characteristically organized
in terms of equipment systems rather than in terms of training functions.

These "classroom trainers" are used, in practice, primarily as visual
aids for classroom lecture-demonstrations. Some of them are mock-ups con-
sisting of actual eauipment components. The latter are sometimes mounted in
such a way that system functioning can be demonstrated. The "demonstration"
thus provided should be sharply distinguished frcm the kind of procedural
demonstration used as a basis for giving directions which the student will
imitate in acauiring procedural skills, as described in the section on
"Effective Use of Procedural Films" above.

The "demonstration" usually afforded in classroom use of devices is
usually not a demonstration of procedures but a "demonstration" of system
functioning. This is given on the, rationale that understanding or observing
the oneration of the system will lead to understanding about its functioning
that may be useful in its operation and maintenance at a later time. As
already noted, this assumption is often questionable, and may fail to be
supported by an analysis of what men actually need to do on the job.

There are also two weaknesses in the way such demonstrators are
customarily used. First, so much time frequently elapses between the instruc-
tional demonstration and any application of what has been presented that much
of what has been learned is forgotten by the time it could be applied. The
second weakness is in the inherent characteristic of the lecture-demonstration
form of instruction, which provides no means for assuring that sufficient
recitation and repetition is provided to guarantee that the student gains any
real mastery of the material. These deficiencies have been clearly demon-
strated in experiments in which objective tests were used to reveal the amount
of information retained immediately after the lecture-demonstration as well
as the amount, if any, retained by the time the information was presumably to
be applied--a number of days or weeks later. Scme data illustrating these
noints, and also indicating something about the comparative effectiveness of
the various forms of lecture aids, are presented in reports by Swanson (1954);
Zwanson, Lumsdaine, and Aukes (1956) and Shettel, et al. (1956).

Classroom training devices are commonly classified into several broad
categories on the basis of salient features of their physical characteristics.
This basis for c1accification is often a reflection of the fact that training
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objectives have not been defined in terms of the human performances that
need to be achieved, so that the various forms of devices merely reflect dif-
ferent forms of system depiction rather than being conceived in relaticn to
specific functions of training. The major categories of equipment are:

1. "Operating mock-ups. using actual equirment components
interconnected so as to function more or less in the.way
they do when installed in operatior!72 locations.

2. Nonoperating mock-ups, similarly arranged and consisting
either of equipment components or rerlicas designed to
simulate closely the apPearance of the actual components.

J. Cutaway mock-ups, generally composed of actual components
that are partially dissected to afford a display that
reveals internal appearance and sometimes shows internal
functioning.

So-called "animated panel" displays, in which the system
components are depicted pictorially and/or by simple
semi-functioning models constructed of plastic, plywood, etc.

5. Transparancies and related devices such as slides, using
optical projection of a transparent photographic repre-
sentation.

O. Wall charts for classroom display, using photographic or
other pictoralized representations of system components,
their connections and operation.

In addition to these six classes of visual aids, an important classroom
teaching device is the self-contained film presentation, including sound film-
strips and sound (or sometimes silent) motion pictures, which are further
discussed ui.der Special Forms of Classroom Aids," below. Important features
of these, aside frcm the obvious capability of depicting motion, are that
(1) they are automatically sequenced or programmed, and (2) they are self-
contained, in the sense that they provide a total presentation of depiction
and exposition. The latter characteristic distinguishes them from the first
six classes of classrom devices, which are normally used only as visual aids
to a lecture by an instructor whose individual skill, in organizing and pre-
senting the lecture, often determines the usefulness of the visual aids to a
much larger degree than the inherent characteristics of the devices themselves.

Specific Characteristics of Six Forms of Visual Aids

Certain characteristics more or less specific to each of the six
above-noted kinds of visual aids are worth considering, especially in view
of the wide use of such devices and the prevalence of the method of class-
room.instruction for which they are employed. Their uses for this purpose
as well as some potential other uses are discussed below.
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Operating Equirment 11ock-Ups: representative panel mock-up of this
type was shown in Figure 11-1, for t'le hydraulic system of the B-47 medium
bcmber. A different type of mock-up is shown in Figure 11-14. An alleged
advantage claimed for such devices is that they show actual system function.
This characteristic is frequently not employed in actual classroom instruc-
tion for more than a brief period. Often, because of the difficulty of
maintaining the device it L not employed at all, and in some instances the
noise produced by operation of the equipment is so great as to prevent its
operation from showing much of anything except that the system does, sure
enough "work"--a conclusion which the student might reasonably be asked to
take on faith. In addition, the cost of such devices is very great.
Accordingly, it is difficult to recommend the large sums that they commonly
require, particularly in view of the fact that the functions of visual.dis-
play for which they are in fact primarily used can be served as well or
better by much less expensive forms of classroom training equipment.

The excePtien of this rather strong indictment of such devices lies,
of course, in those cases where students can usefully perform actual
practice ork with them, such as troubleshooting an operatin7 system. This
might, for example, be accomplished to some degree with such mock-ups of
electronic equipment as the one depicted in Figure 11-14. However, the
ccmplex operating mock-up is ccmmonly not made available for required prac-
tice and its potentialities are thereby loSt.'

The nonavailability of such devices for student practice in working
on them stems frcm two considerations: First, such devices are often very
expensive, and thus are not available in sufficient numbers to permit any
useful amount of individual student practice in assembling, disassembling,
adjusting and regulating them. Second, because of the costliness of the
devices and their demand for instructional classroom demonstration (in view
cf the unavailability of other kinds of aids suitable for this purpose),
the student is not permitted to "tamper" with the equipment.

There are to conseauences to this unfortunate situation. One is that
the main justification for operating mock-up devices exists only in theory
rather than in practice. The second is that the first actual practice the
student gets is on the operational equipment--often not until he is assigned
job responsibilities in an operational situation. This of course may have
consequences that are vastly more costly than ityould be to provide component
mock-ups on an adequate basis of issue for the purpose for which they are best
suited, namely for the conduct of practice on procedures and malfunction diag-
nosis.

Nonoperating Mock-Ups of Actual or Simulated Three-Dimensional Com-
ponents: Devices like the one shown in Figure 11-1 are frequently used as
visual aids for lecture presentations, in nonoperating condition though
with intact elements of operational equipment functionally interconnected.
ful alternative which has been explored is the use of simulated components,
depicting the actual ones with a high degree of fidelity, but consisting
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of plastic and other ersatz materials. To the extent that an exact, three-
dimensional replica of eouipment components is desirable, the latter can
have the advantage of being lighter and possibly cheaper, especially if a
large number of copies is required. In addition, they may help solve the
problems of lead time, and avoid the competition for actual components
between the needs of training and those of meeting demands for operational
use of equipment.

However, the advantage of the three-dimensional replica may be seriously
auestioned as classroom aids as compared to less expensive depiction by means
of realistic charts, photographs, transparencies and the like. Simulated
vcmponents made of Plastic may also fail to provide the necessary character-
istics for adeauate practice of some of the skills involved in removal, posi-
tioning, assembly, disassembly, and the 15.ke. Accordingly, the designer of
training equipment should very carefully analyze the function that any
expensive synthetic components are designed to serve before recommending
that they be developed and manufactured.

Cutaway i-iock-Ups Employing Actual Components: These devices are often
arranged much like the configuration in Figure 11-1. With rare exceptions,
the advantages of such devices over well-designed photographs or drawings
(see Figure 11-3), supplemented by occasional disassembly of components for
practice in performing internal adjustments, can be seriously questioned.
This is particularly true in view of the usually very high cost of the
cut-away assembly.

One purpose which a single copy of a cut-away or other ncnoperating
mock-up may usefully serve, in some instances, is that of affording a con-
venient way to assemble the equipment for use in producing photographs,
charts, transparencies, and other two-dimensional visual aids. For this
purpose, of course, it may frequently be advantageous to use a quite dif-
ferent layout and form of construction for the single copy of the mock-up
than what would be required for constructing mobile display panels. For
example, the parts may be laid out more realistically in relation to the
locations where they would normally be found in operational situations, they
need not necessarily be so ruggedly mounted, etc.

"Animated Panel" Displays: Two examples of these are shown in
Figures 11-15 and 11-16. The first, in Figure 11-15, is a display for the
hydraulic system of the B-47, and was used by Swanson (19514) in the above-
cited experimental ccmparison of learning from lecture-demonstrations on B-47
subsystems. It actually consists mainly of an enlarged diagrammatic represen-
tation of the system, using simplified representations of components with
painted lines to represent tubing interconnections. Some of the ccmponents
are constructed with moving parts to illustrate their operation.

The device shown in Figure 11-16 is one of a number of types of
"illuminated animated panels," Such panels may employ indicator lights,
transparent drawings which ay be illuminated (sometimes in multiple modes

5 1
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to show different asrects of operation or produce apparent motion of internal
components), and various forms of, illuminated nathways showing electrical,
pneumatic, or hydraulic interconnections 1.etween such components. In many
such devices, the nathways involved in different phases or modes of operation
can 'be differentially 511uminated to increase clarity of deniction.

This kind of differentially illuminated display can undoubtedly have
ocme advantages in depicting the principles of system functioning and, wherethese are the principles actually needed to be applied in the performance ae
a technician's job, the animated Panel might serve a useful training function.However, an equivalent display can very often be created and reproduced at
very much lower cost by the use of transparencies (see Stolurow and
Lumsdaine, 1956).

Transparencies: As with slides, these are used with a standard, general-
purpose transparency projector. It projects a series of transparencies pro-
viding much the same hind cf visual display as the animated panel.
Considerable flexibility and variation of depiction in such transparencies
can be accomplished by the use of multiple overlays and other devices for
providing differential illumination of components or pathways. As compared
with the animatod panel, the transparencies are, of course, far lighter and
more convenient to use, as well as much cheaper and faster to produce.

In view of the many advantages of transparencies, the cost and time
involved in the design and construction of animated panels can be very
seriously questioned. A detailed consideration of illumination and depic-
tion characteristics of such displays is provided in a report by Stolurow
and Lumsdaine (1956). A more detailed consideration of some of the per-
tinent aspects of visual displays applying both to the illuminated and
other forms of graphic training aids is provided in a report by Saul et al.
(1956).

Wall Charts: One of the disadvantages of a total equipment display,
such as those shon in Figures 11-1, 11-15 and 11-16 is that so much material
is present that a student may be distracted from focusin his attention most
effectively on a particular aspect. A study by Aukes and Simon (1957) forexample, showed that somewhat better learning was obtained in a lecture-
demonstration with an "add-a-part" display in which various subassemblies
were added to the display as they became relevant to the accompanying
exposition presented by the instructor. This kind of advantage can be
readily realized by use of charts such as those shown in Figure 11-17. Sucha display shares with projected transparencies the further advantage that
different forms of depiction can be used as appropriate.

Within the basic limitation of training functions which can be servedby the lecture-demonstration procedure, the flexible use of such devices, in
the form of transparencies or wall charts, has an outstanding advantage over
other forms of displays, and should be given very serious attention in
competition with other more e:Tensive and cumbersome teaching aids. Because
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of their much greater flexibility and often superior convenience and
durability, transparencies are very often preferable to wall charts, except
where such factors as poor room ventilation give the wall charts an advantage.

The cost of supplying an ample number of projectors for transparencies
Cr other Projected aids is negligible as compared with the cumulative cost
of Providing new equirment mock-ups fer each new system. Adaptation to new
renuirements can be accomplished simply be constructing newmaterials--
transparencies, films, for a new system. The cost per system for projectors
is --;-ry low indeed, because their longer useful life means lower net cost
per st'xi_ent, amortized over a period of time. Conseauently, a larger number
of devices can be economically procured. We might, for example, buy enough
film projectors end sets of transparencies to have one for every five stu-
dents, for the same amount that it nicht cost to buy one operating system
mock-up per system for every fifty students. This difference in equipment
availability can be a crucial factor in the effectiveness of training--for
example, by making it possible to schedule instruction for each student just
rrior to the time when he will put the information to practical use.

Special Forms of Classroom Aids

laption Pictures: Si:eci I applications of motion pictures for procedural
training have been noted .L;c:v. In sone cases their use for special appli-
cations of this kind may h Hir7rtant thah their use for ordinary
classroom instructien. :evertheless, when classroom instruction of the
lecture-demonstration ftrm is to be 'sed, well-designed motion pictures have
the advantage that they repn__ ',it a Joif-contained or almost fully "auto-
mated" form of presentat-i..n. 2ecause of this fact, they can escape from the
limitations imposed by the _hertages and deficiencies of local instructors,
which in practice often seriously limit the effectiveness of visu,e classroom
displays. This is paroicularl important since, as shown by re n studies,
a large amount of the inf7rmation that is Imparted in classroom .sture-
demenstrations may be con7eyed primarily by the spoken material rather than
by the visual display (see 7)wanson, Lumsdaine and Aukes, 1956).

The cost and time requireu Lu produce films aimed at very specific
instructional objectives is often surprisingly low as ccmpared with general-
purpose familiarization films or other "training" films of the kind that
employ elaborate dramatic sceneries patterned after the entertainment film
industry. Satisfactory films can often be produced locally with very
limited equipment--seo the previously cited report by Greenhill (1955).
ojor references that provide guidelines and research evidence on the

effectiveness of instructional films are those by Hoban and vpn 1::7-r (1950),
et al. (1957), and i.iay and Lumsdaine (1958).

One kind of film can be produced very inexpensively indeed, by simply
taking a "TV-style" filmed record of a good lecture-demonstration that
employs appropriate visual aids. This technique has been used experimentally
in the Air Force (see Shettel, et al., 1956). Use of two cameras permits
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fle::ible utilisation of close ups and shifting from one display to another.
Such a film can be quickly filmed, and easily refilmed to update it. Like
other films, it can be reproduced and transported cheaply, can utilize more
proficient instructors than are normally available in the field, and--per-
haps most importantcan be shown or repeated shortly before the information
it presents needs to be utilized on the job (Shettel et al., 1956).

Since most of the material taught by any form of lecture-demonstration
is often quickly forgotten, particularly if not soon rut to active use, this
feature can make the filmed presentation considerably more effective than an
equivalent "live" presentation. It may te noted that this kind of filmed
lecture-demonstration has recently accuired a considerably vogue in rublic
education, as illustrated in the year-long filmed courses in physics and
chemistry sponsored by the Ford Foundation and distributed by Encyclopaedia
Eritannica Films.

"ixed. Types of Classroom Demonstration .Devices: Devices combining a
full operational mock-up together with test instruments and integrated
supplementary display panels may be used for classroom demonstration purposes
as well as sometimes being adaptable for individual practice in performing
certain job operations. One example is the combination of training devices
for the FaD electronic fuel control system that is shown in Figure 11-18.

A somewhat different kind of combination is represented by the jet-engine
training device shown in Figure 11-19. This combines actual aircraft instru-
ments, and some controls, with an illuminated panel. It is designed to show
internal engine operation correlated with control actions and corresponding
instrument indications. Provision is included for demonstrating how both
internal functioning, and outward indications of instruments in response to
control settings, are affected by certain malfunction conditions. Where an
understanding of the internal working relationships contributes to the ability
to apply principles in nroper internretations of observable indications from
instruments and other symptoms in malfunction diagnosis, such a device may have
considerable training value.

However, much will depend on a careful analysis of the way in which the
information disnlayed does actually contribute to job operations and of the
extent to which the use of the device results in these interie.lations actually
being learned and applied by the student (see West, Smith and Scolurow, 1957,
and Adams et al., 1957).

In casec; where it is decided that the kinds of displays afforded by
such a device may make a useful contribution to training, consideration
sl:ould be given to the possibility of representing them through more
fl]lible and inexpensively reproduced means such as a ccmbination of trans-
parencies and short motion picture "film clips." In some instances,
production of the latter might be facilitated by basing them in part on
filmed demonstrations of a single prototype equipment mock-up somewhat
similar to the one shown in Figure 11-19.
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Summary

1. The effectiveness of devices used as visual aids for pre-

senting information about equipment components and

functioning depends to a large extent on the ability of

the instructor to contribute to attainment of training

objectives through the often quite inefficient method of

lecture-demonstration.

2. Within its inherent limitations, such instruction will be

most effective if given shortly before the student is to make

active use of the information presented. This and other

factors militate in favor of using inexpensive, two-dimen-

sional displays reproduced in multiple copies.

3. The use of expensive operating or ncnoperating equipment

mock-ups using actual or simulated ccmponents as lecture

aids is frequently very questionable as compared with

simpler, less expensive and more convenient kinds of aids.

In general, mock-ups should be reserved for actual ?/..actice

of procedures by students. A zingte mock-up may also be

useful as a basis for constructing photographic transpar-

encies, films or othf7r two-dimensional aids.

4. The variable display afforded by animated panels of various

sorts can sometimes provide a superior display for explaining

system functioning but, in view of the expense of the complex

illuminating panel, the use of comparable displays presented

by multiple-overlay transparencies is generally f.) be

rez:cmmendcd as preferable.

5. Projection eauipment for effective use of transparencies

and films can be available in eac:i classroom for compara-

tively little cost as co7Apared with that of eouipment

mock-ups. Materials for use with such devices can be pre-

pared relatively cheaply and quickly, permitting ready
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!,d:.Ttuticn te av:Alallo short-cut

rLducti(:n ::.(2thedl; Lire used.

::utien picture presentation of information lto the

!!dvantaL;e over lectures that it is self-contained,

L.,tmdurdi:able at 1iir11 quality and, unlike usua71. forms

of clssre,::.1 visual aids, does not depend predominately on

1cal availability of expert instructor.

Some Special Factors in Design and Use of Training Devices

Active Student Response in Classroom Instruction

Scme of the major disadvantages of classroom lecture-demonstration
instruction can be partly offset, with resultant gains in training effective-
ness, if provision is made for active student response during the presentation
of the class instruction. The latter should be designed to serve much the
same functions of quizzing, active rehearsal, checking, and correction as in
ti4e case of the caching machines and other individual-practice devices dis-
cussed in Chanter 12. Where individual instruction of this kind is not
possible, these functions can sometimes be effectively implemented in class-
room instruction by the use of appropriate training devices, even though the
advantages of permitting individual students to proceed at a rate commensurate
with their individual abilities is necessarily lacking.

Convincing evidence of the value of this technique is found in a
number of studies in which the contribution of "active participation" or
active student recitation, interspersed between segments of presentation by
an instructor or a film, has been shown to result in marked gains in the
s.E.ount learned. Following an initial study conducted during World War II,
in which this technique was used with a film for teaching simple verbal
associations (see Hovland, Lumsdaine and Sheffield, 19). the technique has
been adapted and extended to the learning of conceptal materials and various
kinds of skills. Reviews of some of these studies are presented by Allen
(1()57) and Lumsdaine (195a). They are well worth consulting by the indi-
viduals who wish to improve the effectiveness of class instruction. The
evidence indicates that such devices can contribute appreciably to student
activation in a classroom situation, rdieving boredom and inattention, but
that their primary contribution is in terms of the direct effects of the
Practice that is provided on the learning of specific materials.

Successful application of this technique usually demands three things:

1. 'areful analysis of the objectives of training to determine
the principles, associations, and skills that are most dif-
ficult and crucial to learn.
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_I

lee plInning of the classroom instruction procedure:1
to :zike provision for an appropriate amount and type of
group practice, "recitation" or similar "participation."

Provisicn of appropriate devices and materials which students
can we effectively in such classroom exercises.

These materials may consist of simple answer sheets in which answers are
reerded in verual or numerical terms. In other cases it may be desirable to
uc: worksheets such as the one shown in Figure 11-20, on which responses to
questions and shcrt problems posed by the instructor are indicated on sche-
matic or functional diagrams that correspond to the display presented by the
instructor (cf. Figure 11-19). Actual or simulated equipment components
(cf. Figure 11-4) are also useful to allow- student response to exercises or
questions r)esed the instructor or by a specially-designed film.

The most effective use of the active class-response technique can
1)erhaps be made by building provision for the recitation-practice activities
into a basic training device from the outset. This is clearly illustrated in
the case of films, where appropriate questions to be answered at numerous pre-
planned stopping points in the film can be posed verbally and pictorially in
the film itself.

Another way of implementing this technique can be used where the subject
is of a nature that verb:I or symbolic responses can be readily coded

in simple multiple-choice fashion. This is through the use of a device such
as that shown in Figure 11-21. This is one of a family of classrocm response
devices in which each student indicates his answer, to questions posed fol-
lowing short segments of instruction, by indicating an answer choice with a
switch thut can be connected to a central console. The latter provides the
instructor with a visual indication of the proportion of students responding
correctly and, if desired, the proportion giving each wrong answer choice.

Similar devices have been described by Carpenter, et al. (1950). A
simple and fair1y satisfactory device can often be constructed out of available
ccmponents. I,Eore elaborate devices can permit totaling the errors for indi-
vidual students to give each one a cumulative "score," and thus provide a
continuous testing function during the course of instruction. Beneficial
effects on student motivation and attention that can result may or may not
justify the added cost and ccmplexity that is involved. In general, simpler
devices have much to recommend them for most purposes. As in the case of the
individual self-instructional devices discussed in Chapter 12, the most
important factor in the effectiveness of using any such devices for active
student response lies in the programming the instructional exercises irhich
are used in conjunction with it.

A special advantage of even a simple device of this type in a flexible
presentation provided by a good classrocm instructor is that the instructor
can modify his presentation on the basis of the feedback. He can thus clarify
points which an appreciable proportion of the class appear to have missed.
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but little mcre instrumentatijn, the clasrum-re:Iponse equilyent cAl
also be made to indicate the response:: a individual students to the
instructor, co that he is endsded to direct further questions at any indi-
vidual student.

Preliminary Tryout of Prototyne Traininr Devices

Often a tryout of a very preliminary form of prototype of a training
device may ray large dividends in improving subsequent devices. A special
Use of thc student-response devices just discussed is in testing a prelimi-
nary version of an instructional presentation, such as a motion picture film,
which is later to be standardised. Doing this will often result in clarifi-
cation of many errors, misconceptions, or failures of comprehension which
would otherwise go unnoticed but which, once detected by such a technique, can
be readily rectified by modifications in the presentation.

The construction of a preliminary vcr,ion of a training device (even in
cuch a crude form as that shown in Figure 11-7, for example), and its tryout
with sample groups of typical students, will often result in great improve-
ment of the final product. This kind of tryout with a preliminary "bread-
board" mock-up is, of course, standard procedure for detecting deficiencies
and improving design to obtain better equipment functioning. Unquestionably,
it would be very beneficial to extend this rationale to the development of
almost all training devices also, in order similarly to iiilrove the "output"
of such devices as measured in terms of the amount of learning resulting from
the use of the device. The most straightforward application of this is
afforded in instances where the instructional device will be a "self-contained"
one as in the case of a film or teaching machine.

In the case of an instructional film, an e::trenely crude presentation
either in the form of a film strip, a preliminary "take" ofthe motion
picture sequences, or even a "live" presentation to students of what is going
to be later filmed, can contribute a great deal in this respect. Research
c.vidence indicates that very often the instructional characteristics of such
a crude preliminary version are closely similar to those of a final, polished
product if the latter, despite its "polish" and technical refinements,
retains substantially the same sequence of basic verbal instruction and vis-
u:alization ideas (see flay and Lumsdaine, 1958).

For example, in the illustrative d ,a shown in Figure 11-22, the relative
=cunt learned on different test items corresponded very closely between the
test scores of a group that was shown a preliminary film strip and a group
that was shown a final polished film following the same sequence of presen-
tation (Zuckerman, le)54). This was true despite the fact that the visual
materials used in the prelininary film strip were extremely crude as com-
pared with thu slicked-up presentation afforded in the final film. (A recent,
unpublished study by Gropper and Lumsdaine has also demonstrated the feasi-
bility of effecting significant improvements in the effectiveness of a film
(or TV lesson) by using inputs frcm tryout test data for a preliminary
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Figure 11-22. Ccmparative Item-by-Item Teaching of Preliminary and Final Forms oi
a Training Film.

6 ti

281



. Cor morov n; it,. HI t'i

a. t ve I eruf pk i led pre: 1
ctik.:1, I irti,

ie;' I mmy other Corms tq: Iho payoff is In the
t:enuence or kit:is, associatiL,ns, appropriat., re;:pon,:e opportunitic.s, and other

that psycholo;-,1::;t:. have Cound will conLribute to effective learning--
.)nd nr.t, irimarily, in the slickness of the device in termL: of fancy photo-

rendring, or ehrcme tri.mming. The latter may poss.,.bly
(.ffe,!t on acceptability to students :!nd their cense,1uent mo.civation

(tnc.uch thia has nev,,r been -learly demonstrated). hore likely, neir major
eifect.:. may L:dmply be in hipressing training :...upervisorL. and administrutor:.:,

and may h.Jve relatively little Le do with the effe,.!tiveness of a device for
training. In scme instance's 'fancying up a training presentation may even
have an adver:c efifect on learnint.;, in; was found in study reported by ii;-Qj

Lumsdaine (1y5N) a r the case 2z the injudicious use of cartoon ilins-
...rAlins ani other 11111on.A4*, (..ffc..cLL: in a training film designed to teach

d en t f ie n s .

n

One important factor in the design of display designed for multiple
training functions in classrocm teaching is the kind of depiction employed
to represent ccmimonents and interconnections. For purposes of learning to
identify individual ccmponents or parts, realistic depiction through display
of a realistic drawing or photograph (or, if more convenient, the actual
ecmronent) is obviously advantageous. However, highly simplified represen-
tation of ccmponents has been demonstrated by Swanson, Lunsduine and Aukes
(l956) to be superior in explaining functional interconnections of a system.
Apparently, the simplified representation of ccmponents permits focus of
attention on the functional interconnections by eliminating the distractions
present when the ccmponents are realistically depicted. This differential
advantage for different forms of deniction for meeting the various objectives
sf training is a further argument for using simple, fle;:ible aids which can be
introduced or changed roalli at each point in instruction.

1.:ctivational Factor in Tra:... fevice Desisn

In tile foregoing discussion, motivational factor:: (!ntering into training
device design have 'coon ::.entioned as they were appropriate, particularly in
relation to certain classes of device. The control of student motivation is
.:cmetimes a difficult problem, and assuring an adecuate level of motivation
is uneuestionably essential in any training program. iajor factors that
affect thi:.; motivation, however, often lie largely in the realm of situa-
timal factors, including leadership and provision of a satisfactory student
environment and living conditions. These may be factors which can greatly
outweigh those which can he directly influenced by the designer of training
esuiment. A few general comments, however, arc anorspriate here.
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'I hi n I traininc Lvi
ii .1nCluenet,1 by a

I it i.nc : t Lo LlulL.nt:1, :'Cwo t;16,(.;! 1,11c:n1 i

ot, ochpr,m);:e Lim! 01her Centuv,-.:1 oCthe device. 1.-re101....!ntly, however, other environmental conditIon,1 are:ntiCactory :!nd re:.!;...enable 1;wI rJs oC ndent selection havr ben e::or-eied, the impertnnce of 'Tecial "motivatienal."
and display CeatureL:Hesicned presumably to enhance motivation may be easily exnrr,erated.

hn:::Iiit nOted, indeCA, ::4:111etiMUL; When 111 attcmpt to provide the,le token the rem,X "fancying up" thr
nn injudicious manner, distractions may renuLthich may interrero

thk..: attention oC the cltudent to the euential
1., be leArned, and thun have an adverse ofreet on learninr rather than a

Pc.rhAp::. 'advcre (:_cfc on motivation that can be created by a
eccur, hu,:ever, .yhen the student 1.; fruLltroted by having too much

1....resented to him tor hin to =ster effectively, or by being required
learn things that he does not perceLve as 0:1::ential or important for thesb for which he is being prepared. Cne of the outstanding advantages of:_;elf-instructinal devices that regulate the rate of progress to each stu-dent's ability and provide for frequent checlzing and correction in animperDnal, autcratic :.anner is that they tend to avoid such frustrations,r,d hence keep up the student's intci'ests

satifactions nnd general levelof acer.mplishment.

Perualin ths: student that !irdl:,ous sessions of training are necessaryin order for him to master things that he really needs to know for successful
job nerforance may also soretimes 'be very important. Effective motivationmny sometimes depend largely on his being initially convinced that the instruc-tor and designers of the training devices "know their stuff." The student mayneed to be six= at the outset how in a general way the skills and knowledgethat he is being required to attain be needed for successful job perfor-!.lance. Often this can be bent accomnlished by good instructor leadership,
althouuh scmetimes special "indoctrination" or "orientation" devices, par-ticularly well-designed films, nay contribute to this end.

In 7eneral, such films should not try to confound this persuasive or
motivational purpose with a specific procedural training objective. Their
successful design may depend less on cinematographic and artistic virtuositythan on a sound aprraisal, based on objective evidence if possible, of the
attitudes, interests, misconceptiens, etc., of the student, which may need
to le corrected for him to rerceive the importance and worthwhileness of
what he is being asked to learn. In addition, their effectiveness is
likely to le primorily deternined by skill in presenting information that
fosters the desired attitudinal and motivational dbjectives. The design of
such rersuasive messages is generally not within the province of the designer
of training equirment. However, interested readers may find some pertinent
guidelines in recent work on factors affecting rersuasion and attitude
change, particularly in rublications by Hovland, Janis and Kelly (1953) andHovland (1957).
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Summary

1. The disadvantages of classroom icture-demonstration as a

method of instruction can be partly offset, where it is to

be used, by making: provision for a maximum of active stu-

dent respondii.. This can insure reheur'Ll of important

a;:pects of the subject and can detect and correct errors

urcmptly. Careful design of instructional exercises, pro-

vision for suitable modes of student response, and promnt

feedback to students are essential to the success of such

procedures. Using devices which also provide an immediate

record of student response to the in:::tructor can help him

in clarifying his presentation.

Ti'yout of all fors of training devices in preliminary or

prototype form to determine empirically how wQ11 they teach

a sample of students can result in greatly improving the

effectiveness of the final device. Often, relatively crudu

Preliminary forms suffice ouite well for this purpose.

3. Slick "polish" and fancying up of training devices is likely

to contribute little CT nothing to their training effective-

ness, and may even have adverse effects. Student motivation

is less affected by such frills than by a satisfactory

training environment, competent instructors, adequate

orientation, and sound procedures that permit the student to

progress toward mastery of his subject and to keep up his

wrareness of acccmplishment.

apecific motivational procedures need to be based on sound

appraisal of the interests and misconceptions of students,

and should take into account available guidelines on effec-

tive techniques of persuasion and attitude formation.



Procedures in the Design of Training Devices

Major Steps Required

A lordcal outline for the design of training devices for a given job might
comprise the following major steps:

1. Eetermine in detail the human performance requirements for the job.

2 Formulate training requirements in terms of the new knowledges and
specific skills that will need to be acquired, taking into account the
characteristics of the rersons to be trained.

3. Plan a total program of training through which trainees can master these
skills and knowledges to the level of proficiency required for successful
job rerfornance.

4. Determine the logistic recuirements for a combination of instructors,
facilities, training devices and t: Ining materials that will accomplish
this program.

5. Devise mock-up or tentative prototype devices, and provisional training
procedures. Give these a full try-cut, using trainees as similar as
possible to those for whom the final training is intended, and assess
the outcomes in terms of proficiency attained and time required for
training.

6. Revise the devices and procedures to correct deficiencies. Try-out
the revised procedures as necessary to demonstrate that they will do
the job, as determined by valid and reliable measul'es of performance
(see Chapter 13). .,\:t this point, re-engineer the devices for
reliability of oreration, ease of maintenance, and (if required)
quantity production.

Note that the design of training devices themselves forms only a part of
this outline, and enters only in the three last steps. The reason for this is
that otherwise there is no way to assure that the devices will fit into a total
program of developing the personnel capabilities required for the performance of
a jdb. The major steps identified above obviously do not define detailed pro-
cedures for the design of training devices; they merely provide the framework
within which such procedures can 'be developed. Situations for which training
devices need to -be designed differ so -widely that no rigid prescription is
possible that will fit all r5. However, most of the procedures and guide-
lines suggested here can bk..

. gted or modified to meet specific cases, drawing
cn concepts and srecific . characteristics that have been illustrated
throughout this chapter.

The guidelines given 'below are based on the situation where the designer
is given responsibility for the design of all the training devices and suprorting
materials needed to train a man to fill a partiuular position in a complex
system that is under development. Here there is usually a fairly definite
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production timetable that srecifies when the training devices will need to be
ready in 0ntity for training a given number of men to fill this position. This
calls for careful scheduling 2nd procurement planning, in addition to the basic
desim problems of determining what training-device configurations will do the
needed job of training.

Successive approximation. Detailed steps of procedure, and even the gross
steps cutlined hore, usually can not be followed completely in a prescribed
order. This is because early estimates of one aspect of the total plan--job
performance requirements or selection standards, for example--usually are subject
to change. Changes in one aspect will inevitably require changes in others.
Since the preliminary estimate of needed training-device characteristics ordi-
narily cannot await the final redetermination of terformance or manning require-
ments, what is usually needed is a series of successive approximations. While
these are being carried cut, provisional design and procurement actions for
training devices should be initiated as early as necessary to insure that the
means for providing trained men will be ready when needed, even though con-
siderable redesign may be necessary as requirements change. This process of
successive approximation will be assumed in what follows.

System Inruts to Training-Device Design

Determining of rerformance and training requirements should normally be
accomplished prior to the design of training procedures and devices. Sometimes,
however, all the necessary information is not made available. In this case, as
a training-device designer you should yourself try to estimate performance
requirements as well as possible, checking these estimates in consultation with
available sources of information. In doing this, try to anticipate not only
what human out-cuts will te required, but also: (1) the way job knowledge require-
ments will be affected by the availability of job aids; (2) the baseline from
which training will start, in terms of prior capabilities on which training can
be built; and (3) the stecific prerequisite competences which will be achieved
through phases of training other than that for which you are responsible.

alysis of Training-Device Requirements

Classify the skills and knowledges required into the major types of training
objectives Gutlined in this chapter: (1) identifications to be learned, (2)
principles to be learned (those actually needing to be used in job operations),
(3) procedural sequences to be followed, (4) diagnostic problems to be solved
2nd other decisions the trainee must learn to make, and (5) motor skills needing
to be acquired and practiced. (For some jobs, there may be no entries under
one or more of these classes.) List under each category the specific instances,
first in broad groupings. Later break this down into finer detail. The final
list should be such that it completely defines the set of performances which a
prcf:iriency test should assess to reveal whether a man can actually do the job.

In working out device requirements for these categories of training dbjectives,
it raay be well to start with the last one (motor skills) and work backward. The
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reason for this auggestion stems from the likelihood that the latter categories
will require operational equipment components that have a long production lead-
time.

Preliminary Design Estimates Having Logistic Implications

For each major set of items under each class of objectives:

1. Determine those which must be taught on operational equipment or a
simulator (e.g., complex mutor and those which--considering
the number of men to be trained--can most economically be taught through
practice on operational equipment.

2. Determine those which--particularly in the class of identification
iraining and preliminary training of fixed procedurescan be taught
ty use of photographs, drawings, simple replicas or partial components.

3. Determine those--rarticularly for learning of principles--for which
verbal and syMbolic materials to give extensive syMbolic practice
are needed.

4. Determine those which require synthetic devices to provide sufficient
practice in a variety of relatively seldom encountered situations--
e.g., troubleshooting or emergency procedures. Design these tentatively,
and on this basis estimate the number of production-line equipment com-
ponents, large or small (from knobs to amplifiers and servo systems)
tnat must be allowed for in production schedules.

5. For training that requires production-equipment units or components,
indicated in items 1, 2, rnd 4 above, specify the training procedures
to be followed, estimate Ion the basis of past experience in teaching
similar procedures) the amount of time needed to learn them to an
acceptable criterion of mastery, determine the nuMber of men to be
trained, and thus determine the total number of units and components
needed. Then order these as early as necessary to assure they will
be available (but not sooner, as your estimates will be subject to
later revision).

6. Do similarly for non production-line items required in 2, 3, and 4
when needed as a L,asts for procurement.

Further Steps in Device Design and Development

Now proceed to work cut in detail the materials, devices and procedures
needed for training, construct mock-up materials, try these aut in actual
instruction, and revise the designs for production. Coordinate your planning
as fully as possible with the work of others engaged in the planning and design
of handbooks, other job aids, and performance assessment devices. This will
assure compatibility of terminology, and of representations and coding in diagrams
and other visual aids, as between handbooks, training device displays, and other
training materials.
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Working assumptions in th,veloping detailed designs. As a basic operating
principle, work on the initial assumption that all training is going to be
accomplished through individual student practice on an appropriate program of
exercises. Later it may be necessary to depart from this working assumption,
for various: reasons, and resort to classroom-presentation methods. But starting
with this, assumption will have two advantages: (1) if carried through, it will
result in surerior training, and (2) even if not, it will force you to pay
attention to the conditions necessary for an individual student to practice
and learn each thing he must master, thus avoiding the fallacy that what is
presented will necessarily be learned.

Some Procedural Guidelines for Troubleshooting Training Devices

1. Start by simplifying the requirements for troubleshooting training
as much as possible by devising proceduralized troubleshooting guides
or similar jdb-informatiOn aids which can be made available for use on
the jdb. Determine the extent to which these can be used to locate
most of the common, easily-identified malfunctions without need for
extensive education on system principles, especially if location of
the more elusive malfunctions is turned over to a mmall number of
highly trained technicians by a job shred-out procedure.

2. For the techniques and strategies of malfunction diagnosis that men
must learn to devise on the job, assure sufficient practice in the
interpretation of malfunction. symptoms, and practice in making the
decisions needed to choose effective courses of action.

3. Determine whether to provide this practice through one or both of two
type of traininc, device: (a) "hardwro^e" trainers usina simulated
plur:-in units, and simplified indicators and controls (see p. 246),
in which the effects of a wide range of malfunction conditions can be
readily inserted for the student to diagnose; and (b) programmed

.

exercises in syMbolic form (see pp. 252 and 321). Design or select
suitable devices in these categories.

. Consider the design of composite devices (see p. 253), in which
readily reprogr=led problem-and-information presenting devices are
coupled with simple mock-ups of the external configuration for a
particular system by use of coded inputs.

Guidelines for Designing Procedural Trainers

1. Try to reduce the sheer memory requirements for recalling lengthy
procedural sequences by assuring the availability of suitable job
aids, and design training to prepare men to use these aids effectively.

2. For effective teaching of all sequential procedures required on the
job, break-down lengthy tasks into shorter ones and design explicit,
pictorialized step-by-step instructions that can be readily followed
if basic identifications and unit skills have been taught.
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3. If ,-os.;ible, translate these into :;tep-by-step filmed demcnstrations
that are designed to allc*r immediate practice after each step of the
itz,-..onstration, preferably on on individual basis or, if necessary, cm
a class basis.

4. In providing imp]ements for guided pr,:tic(:: of procedures, utilize,
wherever possible, incomplete ccmpAlents, surface mock-ups, or in-
exrensive replicas, reserving t!:e use of functioning equipment primarily
for those procedures hich impose the need to respond to ,oTRplex displays
or to learn the ieel" of the response. Obtain the units, compomnts
or rerlicas in quantities that will allow for sufficient Intensive
Practice to assure 'overlearning" of crucial operations.

5. For ccmrlex procedures, determine whether it is more economical to
nrovi:e adeouate practice 2nd feedback through a coMbination of
simulated and real components, using special circuitry, or to use
operational enuipment. In designing such equiyment, determine where
substituting of sinmle go/no-go" indicators to indicate equipment
conditions will reduce cost without materially changing the critical
elements of practice.

17,esin Steps for Devices to Teach Principles and Relationships

1. the first and most basic step, identify those principles which will
actually need to be applied in rerforming job activities. Srell these
cut in detail. Ignore principles that underlie the physical functioning
of the equipment unless these will help to make decisions or to recall
nrocedures needed on the job.

2. Design training equipment and materials to tie in with procedures that
will afford practice in recognizing the application of the principles
identified, and in actively employing then as a guide to job operations.
In doing so, first develop a program of exercises to provide this
extensive verbal or syMbolic manipulation, then develop the displays
and devices for controlled presentation and checking of the exercises
to individual trainees, utilizing self-instructional devices (see
Chapter 12) if possible.

If you are dealing with a highly complex system, try to make an ex-
haustive prior analysis and systematic tabulation of the multiple
interrelations among malfunction conditiuns, mode of operation and
output indications. Use this as a basis for designing training
exercises and devices for troubleshooting, as well as for identifying
relevant principles that may be applied in troubleshooting or other
orerational decisions which the trainee will te called on to make.
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Guidelines for Teachin of Identifications

1. For effective learning of the numerous identifications likely to be
required in r.erforming each task, insure controlled, active practice
by students, rather than mere presentation. Either use self-instructional
devices with suitable progroms of material or provide materials suitable
for use by the coach-and-pu-nil methods, using simple aids such as
photographs, drawings, and printed labels and lists.

2. Design nractice materials and schedules so that they take account of
the direction of asswiation required in job activities (see p. 230).

Include in these programs the basis for teaching knowledge of all
required "facts" by similar practice on the basic one-to-one
identifications to which they may be reduced.

Thsurdi you may have left the preparation of identification training
devices until last for logistic reasons, do not minimize the importance
of this -nhase of training, on which the success of later phases of
training will often heavily depend.

Empirical Try-out of Traininp; Devices

A most important step which should never be omitted is the tryout of all
forms of training devices in preliminary or prototype form to determine empiri-
cally how well they teach a sample of students. Time to accomplish this should
always be allowed, as it can result in greatly improving the effectiveness of the
final training devices. Often it will suffice to use relatively crude prelimi-
nary forms of the devices for this purposeemploying, if necessary, supple-
mentary instructors who may later be replaced by partial automation of functions
they perform during the try-out (see pp. 280 and 325).

In selecting the men to be train-cd in the try-out, err if anything on the
side of including scme men with scmewhat less aptitude and experience than
those you expect will later have to be trned operationally. However, after
the try-out, determine hether the extent tc; Which the training requirements
could be reduced if higher selection staniards were used, or if there were
better job aids or job structuring. You m.,y then wish to determine whether it
is feasible to change selection requirements or job conditions to reduce
training needs, rather than adding to the resources needed for a training
effort which could be simplified by one of these means.
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